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THE SIGNIFICANCE OF AIR MOVEMENTS ACROSS THE EQUATOR IN RELATION TO 
DEVELOPMENT AND EARLY MOVEMENT OF TROPICAL CYCLONES 


L. T. 


INTRODUCTION 


The question of relationship between extensive air 
movements across the Equator and the development and 
early movement of tropical cyclones is considered from 
the standpoint of local observations on the Isthmus of 
Panama. Panama lies about 9° north of the Equator 
and is normally within the area of the northeast trades 
or near their southern edge during most of the year. But 
on comparatively rare occasions there are extensive air 
movements from the south that have all the characteristics 
of the trade winds. It is not possible from local observa- 
tion alone to establish the fact that these winds are always 
extensions of the southeast trades of the Pacific, but this 

int is not necessarily important, as their direction of flow 
is continuous with the southeast trades and their effect 
on local weather is similar. All extensive air movements 
in this latitude can be classified as either “northerly ”’ or 
“southerly” and are more or less definitely associated 
with the trade-wind systems of either the Northern or the 
Southern Hemisphere. In much the same way that 
“northers” and similar storms are associated with stron 
flows of air from the north, so also is the development o 
tropical cyclones in the west Caribbean associated with 
one flows of air from the south. The question is: 
Are the winds noted in Panama what normally would be 
expected in the southerly quadrants of a developing 
cyclone, or do they — a peculiar character of heir 
own? In other wo , are these winds more important 
than winds from any other direction in the processes 
that attend the development and early movement of 
Caribbean tropical cyclones? 

In — to the question as to why air movements 
across the Equator or winds having similar characteristics 
might be considered as worthy of special notice, it is 
desired to call attention to several points concerning 
rm cyclones and the general air movements of the 

ics. 

_ Very little is known about the beginning of the destruc- 
tive eH cyclones in the Caribbean, except two 

: First, a cyclonic center develops somewhere in 
the tropics; second, this center is transported in a 
direction having a positive component away from the 
Equator. Inasmuch as the deflective action of the 
earth’s rotation on air movements increases with distance 
from the Equator, the poleward migration of the storm 
center is essential to its full development; and in the case 
of centers forming comparatively close to the Equator, is 
perhaps as important as the fact of original formation. 

No matter what theory may be entertained regardi 
the details of cyclonic development, air movements 0 


an extensive nature aré necessarily involved. As it has 
113082—-35—1 


been shown by observation that movements of tropical 
cyclones are controlled by the drift of the lower atmos- 
phere surrounding them, it follows that air movements 
over an extensive area are associated both with their 
initial formation and their early movement (1). And 
it also follows that any atmospheric formation that fills 
the dual role of promoting cyclonic development and of 
providing the driving force necessary to carry the develop- 
ingstorm away from the Equator is favorablein the highest 
degree to the occurrence of tropical cyclones. 

All air movements that may be associated with initial 
cyclonic development and also with the early movement 
of the storm fall in one of two groups; first, outflows 
from areas of increasing pressure; second, inflow toward 
an area of decreasing pressure. These two actions may 
fain identical to the observer, the only distinguishing 
characteristic being the nature of the pressure changes 
accompanying them. 

Outflows from areas of increasing pressure are noted 
most frequently in the Tropics during the passage of 
anticyclonic areas in the Temperate Zones. the anticy- 
clonic areas travel from west to east and usually follow 
a more or less pronounced barometric depression. As 
the general circulation of the lower atmosphere within 
the Tropics is from east to west, it follows that the initial 
overflow of air from an anticyclonic area may enter the 
Tropics at a considerable angle to the direction of the 
normal flow in this region. But aslong as the air move- 
ment does not cross the Equator, its initial effectiveness 
as a disturbing factor tends to diminish, and, as the anti- 
cyclone travels toward the east, the direction of outflow 
more and more closely approaches the normal direction 
of the trades and eventually merges with them. But, 
when a strong flow of air crosses the Equator from one 
hemisphere to the other, its direction is changed by the 
deflective action of the earth’s rotation, and, within reason- 
able time limits, it can never adjust itself to the circula- 
tion of the new hemisphere. While the jnormal circula- 
tion within the Tropics is from east to west, air-flows 
crossing the Equator tend to become more and more 
from west to east, and their direction to always remain 
at variance with that of surrounding air masses. Any 
storm formations that may occur, instead of being forced 
back toward the Equator, are carried farther away from it. 

Normally, pressure conditions within the Tropics, 
including both the trade-wind areas and the doldrums, 
are very stable, in striking contrast to the Temperate 
Zones on either side where large pressure changes from 
day to day are a régular occurrence. Fundamentally 
the position of the doldrums and the attendant trade- 
wind belts are determined by the position of the heat 
equator. Variations normally arising within the ‘Tropics 
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are of a seasonal nature only, but short period variations 
frequently are produced by the influence of the rapid 
pressure changes in the Temperate Zones. Thus the 
doldrums, in addition to being a region of calms, is also 
an area of conflict, a no-man’s land of advance and re- 
treat between opposing forces. But at any particular 
equilibrium between the varying impulses of the opposing 
trade-wind systems on each side. can 
arise within the Tropics to materially disturb this condi- 
tion of equilibrium, and when a cyclonic circulation de- 
velops it commonly forms 10° or more from the Equator. 

To summarize, two ways have been mentioned in which 
air flows across the Equator, representing.a continuous 
flow of the trade winds of one hemisphere into the other 
hemisphere, may aid the development and early move- 
ment of a tropical cyclone; first, as an outflow from an 
area of increasing pressure such winds may function 
materially in the initial formation of a cyclonic center and 
aid its early movement toward higher latitudes; second, 
as an inflow toward a developing storm center they may 
aid its later development and influence the further 
movement of the storm. These two forms of action may 
occur singly or the first may merge into the second during 
the formative period of the storm. 

It is intended briefly to consider available data covering 
periods of southerly winds at Panama with particular 
attention to the question of the existence or nonexistence 
of the theoretical forms of action outlined above, and, 
if such forms of action are found to exist, to consider the 
question of their importance in relation to the formation 
and early movement of tropical cyclones. 


SOUTHERLY WINDS AT PANAMA 


In considering periods of general southerly air move- 
ment across the Isthmus of Panama, all days with con- 
stant southerly winds and a minimum daily mean velocity 
of 7 miles per hour at either Balboa or Cristobal have been 
tabulated. Balboa is on the Pacific side of the Isthmus 
of Panama and Cristobal on the Atlantic side, about 32 
nautical miles distant. The record covers a period of 26 
years, from 1908 to 1933, inclusive. The wind record 
was made by a four-cup anemometer from 1908 to 1929 
and a three-cup anemometer from 1930 to 1933, with 
velocities uncorrected. The velocities given are derived 
from the sum of the winds from all southerly quadrants. 
The number of days recorded at each station during the 
26-year period follows: 


Number of days with constant southerly winds at the Isthmus of 
Panama—26-year period, 1908-33 


Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. nual 


Total days at Balboa__..._.. 5 19 7 10 47| % 24 223 
Total days at Cristobal-_---_.|...... 14 2 11 53 37 228 
Total days common to both 

6 13 1 5 33 66 17 141 


Bo 


The record shows 223 days at Balboa, of which 82 days 
were at Balboa only, and 228 days at Cristobal of which 
87 days were at Cristobal only. This leaves 141 days 


common to both stations, or an annual average of less than 
6 days. The occurrence of these days is confined to the 
hurricane season with a lesser maximum in June and 
a greater maximum in October. If days common to 
both stations only be considered, annual totals range 
from none in 1911 and 1914 to 18 in 1916 and 1933. 
Days with southerly winds are frequently grouped in 
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periods several days in length. During the 26 years 
there were 142 such periods ranging in length from 1 day 
at one station only to a maximum of 9 consecutive days 
at both stations. 

The record of surface winds alone does not furnish a 
complete index to the conditions attending these periods. 
When southerly winds become established at the surface 
with sufficient force to overcome the land-and-sea-breeze 
influence, it can be stated with reasonable yar 4 that 
the entire lower atmosphere is involved to a depth of a 
mile or more. Surface velocities for the 223 days at 
Balboa averaged 11.9 miles per hour, and for the 228 days 
at Cristobal 9.3 miles per hour. Mean daily velocities 
as high as 23 miles per hour have been attained at Balboa 
and 19 miles per hour at Cristobal during these periods. 
The maximum velocities occur just above the reach of 
frictional influence of the surface and may at times be 
twice as great as surface velocities. After the winds be- 
come well established the direction at the surface is steady 
southwest at Cape Mala (113 nautical miles almost due 
south of Cristobal), south at Balboa, and southeast at 
Cristobal. These differences represent local influences. 
Above the surface the direction varies with elevation from 
near south to near southwest. During periods of steady 
winds the air is comparatively clear and rainless. The 
temperature and humidity are both lower than the sea- 
sonal average. A comparison of mean values of tempera- 
ture and 8 a.m. dew point, in degrees Fahrenheit, for days 
with constant northerly winds during the hurricane season 
and for days with constant southerly winds follows: The 
days used cover a period of 10 years. 


Cristobal 
sii (Atlantic) Balboa (Pacific) 
ber of 

Temper-| Dew | Temper-| Dew 

ature point ature | point 
Northerly winds (Caribbean air) -----...- 104 82.9 76.5 80.9 74.1 
Southerly winds (Pacific air)...........- 75 80.0 73.2 78.4 73.2 
2.9 3.3 2.5 1.9 


The only significant barometer values during and pre- 
ceding periods of southerly winds are relative pressure 
changes at two or more closely adjacent stations with 
accurate instruments. Absolute barometer values at one 
station do not constitute an index, as variations during 
periods are frequently exceeded at other times with no 
effect on local weather. The barometer values used here 
are daily means of bihourly values from the barograph 
trace checked by mercurial readings at 8 a. m. and 8 p. m. 
The seasonal mean barometer and values during these 
periods of southerly winds follow: 


Barometer values during 142 periods of southerly winds 


AV 
for Low for | Greatest 
= odes any day| fall 


29.822 | 29.830 740 0. 114 
29.823 | 29.822 é 1165 


The barometer on the initial day is very near the sea- 
sonal mean, but the normal pressure slope of 0.010 inch 
toward the south is reversed to 0.008 inch toward the 
north. During the 19-year period, 1915 to 1933, the mer- 
curial barometers at Balboa and Cristobal are in suffi- 
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ciently close ment to allow consideration of pressure 
differences. oe this period there is an average of 20 
days each year with a pressure slope toward the north 
showing a pressure difference in excess of 0.010 inch. 
Monthly frequencies are similar to frequencies of days 
with southerly winds. A pressure slope of this nature is 
usually associated with the occurrence of southerly winds. 

The reversal in the pressure slope may be produced 
in two ways: First, by a rising barometer in which the 
relative rise at Balboa is the ater; second, by a 
falling barometer in which the relative fall at Cristobal 
is the greater. The character of the pressure changes on 
the initial days of periods of southerly winds follows: 


Character of pressure change on aia days of periods of southerly 
wi 


Rising | Falling| | Total 


Short periods (with less than 2 days at both stations). 52 28 21 101 
Long periods (with 2 or more days at both stations) . 15 18 s 41 
Total periods 67 46 29 142 


In most extended periods of southerly winds the initial 
hase merges into what may be called the second phase. 
his phase is always clearly marked by a falling barom- 

eter in which the relative fall in Cristobal is consider- 
ably greater than in Balboa, indicating the development 
of a low-pressure area somewhere to the northward. 
This is the period of lowest barometer, maximum mean 
daily wind velocities, and steady wind direction. No 
matter what the distance, direction, or intensity of the 
low pressure area may be, the wind-flow at Panama is 
as steady and unchanging as that of water through a pipe. 
Within a few days the wind dies down, the barometer 
rises, and normal conditions are restored. 

The nature of the air-flow during periods of southerly 
winds is not always clearly indicated. Sometimes it is 
obviously an outflow from an area of increasing pressure 
to the southward. At other times it is equally clear 
that the controlling action lies in an area of decreasing 
preeens to the northward. Actions of each nature are 
requently combined in one period. Local observation 
shows that a majority of the periods are preceded by a 
few days of mildly fluctuating pressure changes, unequal 
at locations a short distance apart, during which time 
the normal pressure slope is reversed. Southerly winds 
may be initiated by either a rising or a falling barometer. 
Following the initial phase, most of the longer periods 
develop positive characteristics indicating inflow toward 
an area of decreasing pressure to the northward. But 
there are a number of outstandi riods that are un- 
questionably begun and controlled throughout by a 
steady fall in pressure in the west Caribbean, with the 
air-flow from the south merely a drainage toward this 
area. 


ASSOCIATION OF SOUTHERLY WINDS AND TROPICAL 
CYCLONES 


During the 26-year period, 1908 to 1933, 45 storms 
forming in the west Caribbean have been classified as 
tropical cyclones and so published. Thirty-five of these 
storms have been closely associated with periods of 
southerly winds at Panama, and 10 storms have not been 
closely so related. During the same 26-year period, there 
have been 142 periods of southerly winds at Panama. 
Thirty-nine of these periods have been associated with 


cyclone development, and 103 have not been so associ- 
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ated, although many of the latter have been accompanied 
by lesser storm developments. Included in the 39 
periods are 4 associated with cyclone formation outside 
the west Caribbean but within a distance of 1,000 miles. 
The direct relationship in these cases is problematical 
we i within the range of possibility. The associa- 
tion of cyclone formation and periods of southerly winds 
— ified as to length and initial pressure characteristics 
ollows: 
Character of pressure change on initial day 


Rising | Falling| | rotal 


Total short periods __ ak 52 23 21 101 
Number associated with cyclone formation. (6) (8) (2)} (16) 
Total long periods... 15 18 8 41 
Number associated with cyclone formation___.....- (7) (12) (4)| (23) 
Number associated with cyclone formation.__....... (13) (20) (6) (39) 


More than half of the long periods are associated with 
cyclone formation but only about one-sixth of the short 

riods. The character of the pressure change on the 
initial day seems to have little oe in regard to 
possibility of cyclone formation, although it does furnish 
an index to the nature of the development. 

Periods of southerly winds are associated with the 
initial formation and early movement of cyclones only. 
Many storms of east Atlantic origin have crossed the 
Caribbean Sea south of Cuba within the last 26 years 
with no effect whatever upon the air circulation at the 
Isthmus of Panama. But if a storm of any intensity 
develops in exactly the same area, it is almost sure to 
be associated with strong air movements at Panama. 
There has been one exception to this rule, the storm of 
November 1932, and this was really a case of redevelop- 
ment. 

The association between southerly winds and cyclones 
seems to apply to both the initial formation and the early 
movement. Of the 39 periods associated with formation 
and movement of cyclones, 26 show southerly winds at 
Panama 1 or more days preceding published date of for- 
mation, and 13 show southerly winds beginning on the 
same day or after published date of formation. There are 
14 periods of southerly winds lasting 3 days or longer at 
both stations that are associated with cyclone formation 
and movement. Among these periods, there are 3 in 
which southerly winds at Panama stopped with the storm 
center less than 500 miles distant, 7 in which the southerly 
winds stopped with the storm center between 500 and 
1,000 miles distant, and 4 in which the southerly winds 
persisted after the storm center had attained a distance 
of 1,000 miles. 

It is intended to consider in detail eight typical periods 
of southerly winds at Panama, using daily mean values 
or a 15-day period pr ing, during, and following the 
period of southerly winds. A ninth period is also con- 
sidered in which a wind record at Cape Mala is available. 
These periods may be classified in three types on the 
basis of their initial action in association with the accom- 
panying cyclonic development; first, those periods in 
which the dominant feature appears to be a frontal 
advance from the south, and in which air-flow from the 
north appears to be nonexistent or to play a purely pas- 
sive role in the storm development; second, those periods 
in which strong air-flows from both the north and the 
south are evident in the local record, but in which the 
air-flow from the south appears dominant for a short time 
after the initial cyclonic development; third, those periods 
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whose dominant feature appears to be a slowly or ae 
low-pressure area in the west Caribbean, and the loca 
air-flow a part of the drainage toward this low-pressure 
area. 

Four of the nine periods considered have to be classified 
under the first type, whose dominant characteristic is a 
frontal advance from the south. All of these periods 
occurred during the month of October, in the years 1921, 
1923, 1924, on 1926. The period in October 1910 also 

artakes of the same nature but will be discussed later. 

uring October 1923 southerly winds obtained at Balboa 
on the 11th and again at both stations on the 16th to 
19th. Following the ~— day at Balboa, a cyclone 
formed in the Gulf of Tehuantepec, about 800 miles 
distant, on the 13th. Following the 4-day period, a 
cyclone formed north of eastern Cuba, about 1,000 miles 
distant, on the 22d. The relationship in these cases is 
problematical. ba the following week, from the 21st 
to 27th, the Isthmus of Panama experienced the heaviest 
general rainstorm on record. 

During October 1924 there was a 6-day — of 
southerly winds from the 13th to the 18th. cyclone 
formed in the Gulf of Honduras, about 600 miles distant, 
on the 16th, the fourth day of southerly winds at Panama. 

During October 1926 there were 4 days of southerly 
winds at each station from the 15th to the 19th. A 
cyclone formed about 100 miles north of Cristobal on the 
16th. The center of the ee ge storm on this date 
was so close as to cause variable winds and squalls at 
Cristobal. The Panama data in connection with this 
storm have been thoroughly discussed by —— and 
Hurd (2) (3). Southerly winds persisted at Cristobal 
until the 19th, when the storm center was about 700 
miles distant. 

The period of southerly winds in October 1921 has been 
given special attention here because an automatic wind 
record is available at Cape Mala, which extends the com- 
arative wind values to three stations along a north-south 

e about 113 nautical miles in length. Daily mean 
values of wind movement, pressure, and rainfall for a 40- 
day period, September 25 to November 3, were examined. 
No general wind movement from the north is evident dur- 
ing this period prior to November 1. Northerly winds 
were purely local, due to thunderstorms and land and sea 
breezes. Constant southerly winds occurred at Balboa 
and Cristobal on 7 days at each station during the 40-day 
period, 1 day on September 28, 1 day on October 5, and 
5 days on October 18 to 23. Constant southerly winds 
occurred at Cape Mala on 15 days during the same period. 
In general the southerly winds were associated with a 
rising barometer, with the relative rise in Balboa the 

eater. The lowest barometer occurred on October 17, 
ollowed by a general upward trend for 10 days. A 
tropical cyclone formed about 300 miles north of Cristobal 
on October 21,' which may be considered the fourth day 
of general southerly air movement across the Isthmus. 

n a development like this, heavy rainfall and the 
highest momentary wind velocities are nearly always 
found in what may be termed the squall area, which may 
extend for a considerable distance in front of the steady 
winds. Most of the rainfall during this 40-day period 
occurred during the 10 days preceding the 20th of October. 
The latter part of the month was practically rainless at 
all stations. During the 3-day period, October 17 to 
19, the Gulf of Panama represented by the Cape Mala 
and the Balboa stations lay in a squall area. Winds 


Review, October 1921, vol. 49, pp. 567-569. 
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approaching gale force would blow for a short period 
and then die down to almost calm. The nature of the 
winds is suggested by the strong gale on the 19th. The 
wind averaged 36 miles per hour at Cape Mala for the 
hour ending at 10 a.m. This gale reached Balboa at 
noon with the wind averaging 25 miles per hour for the 
2 hours ending at 2 p. m. 

The steady winds became established at Balboa about 
midnight of the 19th and 20th, and at Cristobal during 
the afternoon of the 20th. The maximum wind velocity 
at Cristobal occurred on the afternoon of the 21st, after 
the storm was already in existence and under way. 
After these winds become well established, they are un- 
changing in direction. The wind at Cape Mala blew 
steadily from the southwest for 147 hours, at Balboa it 
blew from the south for 52 hours, and at Cristobal it 
blew from the southeast for 69 hours. After the storm 
developed, constant southerly winds continued to blow 
at Cape Mala until the 29th, but had become light and 
variable at Balboa and Cristobal by the 24th. 

Two of the nine periods of southerly winds considered 
can be classified under the second type, in which strong 
air-flows from both the north and south are evident near 
the time of cyclone development. During November 
1912, there were 3 days of southerly winds on the 12th 
to 14th. A tropical cyclone formed on the 11th about 
150 miles north of Cristobal. Air-flow from the north 
was evident on the 10th, immediately preceding the 
cyclone development, and was resumed on the 17th, 
reaching the force of an intensified trade on the 18th, 
with a mean daily velocity at Cristobal of 21 miles per 
hour. Storms of this type usually occur near the end 
of the hurricane season, when the northeast trades are 
advancing toward the south and the southeast trades of 
the Pacific have not begun their seasonal retreat. Such 
storms usually follow a short abnormal path. 

The period of southerly winds on June 28 to July 1, 
1916, was immediately preceded by a moderate air-fiow 
from the north on the 26th, represented locally at Cris- 
tobal by west and northwest winds. A cyclone formed 
about 150 miles northwest of Cristobal on the 29th. 
This is not exactly the same type as the November 
storms, as the northeast trades are retreating rather than 
advancing at this season. But the local record of barom- 
eter and wind suggests the possibility that opposing air- 
flows may have established close contact near the time of 
initial storm development. A sharp reversal of the 

ressure slope is centered on the 28th, marking the change 
in control from northerly to southerly movement. 

Two of the nine periods of southerly winds considered 
can be classified as ervey | to the third type, whose 
dominant feature appears to be a slowly developing low- 
pressure area in the west Caribbean. A 4-day period of 
constant southerly winds occurred on November 5 to 8, 
1932. The storm associated with these winds represents 
the only instance in a 26-year record in which a storm of 
east Atlantic origin has materially influenced the air 
circulation at the Isthmus of Panama. This storm was 
first noted near the island of Guadeloupe on October 30. 
For 4 days it was driven in a southwesterly direction 
across thé eastern two-thirds of the Caribbean Sea. But 
on November 5, after clearing the north coast of Colom- 
bia, it tapped the reservoir of the southeast trades of the 
Pacific across the Isthmus of Panama, and redeveloped 
on an immense scale, involving the winds of the entite 
western Caribbean and southward into the Pacific. The 
barometer at Panama was marked by a steady fall from 
November 1 to 7 and then by a steady rise until the 12th. 
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The mean pressure at Cristobal on November 7 was 
29.694 inches, the lowest on record during any period of 
southerly winds. 

The longest period of southerly winds ever recorded 
at Panama occurred on September 28 to October 6, 1933, 
a total of 9 consecutive days at each station. The asso- 
ciated local pressure record was similar to that of the 
storm of the preceding year, with the minimum barometer 
on September 30. A cyclone center was identified about 
450 miles north of Cristobal on October 2.2 This is 
perhaps the outstanding example of the slow develop- 
ment of a low-pressure area in the west Caribbean. 
While the winds at Balboa and Cristobal were much the 
same as in many other periods, reports from the south- 
ward in the Pacific at the time show no marked wind 
movement. 

The period of southerly winds in October 1910 is of 
special interest in that it combines the first and third 
types of development under the classification here used. 

his is characteristic of many storms of the first type, 
but one type of development usually merges into the 
other without a break in local winds. In this case a 
definite break in southerly winds occurred between the 
original storm development on October 11 and 12, asso- 
ciated with a frontai advance from the south, and its 
redevelopment on October 16 and 17 associated with 
slowly falling pressure in the west Caribbean. Accord- 
ing to Mitchell, a tropical cyclone formed about 250 

es north of Cristobal on October 11. It then moved 
northward to near the western end of Cuba, where it 
remained nearly stationary for 3 days, from the 14th 
to 17th, and then resumed its northward course (1). 
Southerly winds obtained across the Isthmus of Panama 
on October 12 and 13, associated with a rising barometer, 
with the relative rise at Balboa the greater. This was 
followed by a definite break in southerly winds on the 
14th and 15th, and their resumption on the 16th and 
17th, with a falling barometer, with the relative fall at 
Cristobal the greater. The storm center was about 900 
miles distant at the time of the second appearance of 
southerly winds. : 
DISCUSSION 


Observations of southerly winds at the Isthmus of 
Panama would seem to warrant the conclusion that they 
cover an extensive area and may be considered as con- 
tinuous with the trade wind system of the Southern 
Hemisphere. The outstanding pressure characteristic 
during periods of these winds is a reversal of the normal 
pressure slope, indicating a change in the location of the 
controlling low-pressure center from south of Panama in 
the Pacific to north of Panama in the Caribbean. Local 
pressure changes show that these winds may be either 
outflow from an area of increasi ressure to the south- 
ward, or inflow toward an area of ecreasing pressure to 
the northward. Action of both natures is associated 
with cyclone occurrence to the northward in the west 
Caribbean. 

The constancy in direction of these winds and their 
distance from the attending storm center seems to show 
with reasonable certainty that they are not an integral 
part of the cyclonic penn’ sen itself, but that they repre- 
sent independent action in the general circulation. On 
the other hand, the fact that these winds many times 
precede and are closely associated with cyclone formation 
and movement es that they may play an gy en 
role in the initial development of these storms. d the 


? A center was located on Oct, 1, See Mo, WEA. Review, October 1933, vol, 61, p, 308, 
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fact that periods of southerly winds are intensified and 
prolonged when accompanied by storm formations argues 
that the existence or movement of a cyclonic circulation 
in turn influences these air movements materially. The 
association between air movements across the Equator 
from one hemisphere to the other and the development 
and early movement of tropical cyclones as observed at 
Panama seems close enough to warrant the conclusion 
that definite relationships exist, but of such a complex 
nature, that without more extensive and detailed obser- 
vations, the exact function and relative importance of 
these air movements cannot be defined. 

But a number of interesting points are suggested. For 
one thing, it would ym pone that tropical cyclones may 
develop in a variety of ways, and, if there is any secret 
in the formation of these storms, it would seem to lie in 
unusual combinations of simple weather processes and 
atmospheric action, rather than in any one simple process 
alone. Strong air-flows across the Equator from one 
hemisphere to the other may be a special form of atmos- 
pheric action that plays an important role in these 
peculiar combinations of conditions. 

One interesting feature in the action of these winds 
seems to be in connection with what may be termed 
‘frontal formations.” This type of action is well repre- 
sented by the storm development of October 1921. Toon 
similar characteristics are noted in connection with the 
“northers”’ of the southwest Caribbean, as distinguished 
from overflow northers. These storms are marked by 
a continuous succession of heavy wind and rain squalls, 
and are followed by an extended period of steady north- 
erly winds. In this squall area are found the highest 
winds of the whole formation. There are no distinctive 
pressure characteristics. A norther may start with 
either a falling, stationary, or rising barometer, but there 
is usually a marked rise in pressure following them and 
the steady winds. The essential feature 
seems to be that the high winds and squalls occur around 
a slight barometric depression that must be produced in 
some way by mechanical action attending the frontal 
advance. Action of this kind may occur along a front 
hundreds of miles in length. A norther in the Gulf of 
Tehuantepec is frequently accompanied by an intensified 
trade in Panama or vice versa. In much the same way, 
when strong air movements from the south approach the 
Pacific coast of Panama and Central America, heavy 
rains and violent local storms frequently appear at 
widely distributed locations along the coast. Hurd (4), 
in discussing the cyclones of the eastern North Pacific 
cites instances where a cyclone may appear at one point 
along the Mexican coast and violent southerly gales 
hundreds of miles distant. 

The direction of early movement of a cyclonic pinay 
ment, especially when located in low latitudes, may 
as important in the life history of the storm as the fact 
of formation itself. Cyclones forming near the Isthmus 
of Panama in the Caribbean move almost straight north 
for the first 500 miles or more of their course. If they do 
not, their chance of ever appearing in any published list 
of tropical cyclones is slight. In the southwest Carib- 
bean, southerly gales of much the same character as those 
observed at Panama are the most noticeable feature of 
these developments. Cline (5), in his study of cyclones 
in the latitude of the Gulf of Mexico, shows that the 
highest wind velocities occur in the rear quadrants of the 
storm, pointing in the direction the storm is traveling. 
It may be difficult from observation of mature storms 
in high latitudes to distinguish cause and effect, but near 
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the time of formation, the early movement of the storm 
is most certainly determined by the action of the air 
masses surrounding it, and, a controlling air-flow from 
the direction of the Equator providing the first impulse 
may determine its entire future life history. Mitchell (1) 
has shown that tropical cyclones rarely, if ever, form in 
the eastern two-thirds of the Caribbean Sea. How is 
this fact to be interpreted? Is it because dominant air- 
flows from the direction of the Equator are effectively 
blocked by the South American continent? 
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MONTHLY AND SEASONAL DISTRIBUTION OF SNOWFALL ' IN CALIFORNIA 


By Matcouim Spracue 


{Weather Bureau, San Francisco, Calif., June 1934] 


California, because of its great extent from north to 
south and its diversified physical features, is a region 
where the climatic elements om an exceptionally wide 
range. This is especially true of taontdll, On the ex- 
treme southern coast, snow has not fallen within the last 
84 years, while the western slopes of the middle and 
northern Sierra Nevada include several localities where 
the annual mean snowfall approaches the record for the 
United States. The total fall is influenced more by 
altitude, proximity to the Pacific Ocean, shape and 
steepness of mountain slopes and their direction in 
relation to moisture-bearing winds, and by local topog- 
raphy, than by latitude. Topographical contrasts are 
especially noticeable in southern California, where semi- 
tropical fruits may be seen ripening near the bases of 
snow-covered mountain peaks. As an example of lati- 
tudinal influence, Imperial, near the southern border of 
the State, has an annual mean snowfall of 0.2 inch, 
while the coastal station of Crescent City (near), located 
some 620 miles farther north, has a mean of less than 2 
inches. In contrast to this small south to north increase, 
modified by ocean influence, is the large increase within 
short distances west to east in the district adjacent to 
the line of the transcontinental reilway which crosses 
the crest of the Sierra Nevada near Summit, Placer 
County. Within this area Colfax, elevation 2,421 feet, 
has an average annual snowfall of 25 inches; Blue Canyon, 
located 18 miles farther northeastward, elevation 4,695 
feet, 203 inches; and Soda Springs, 19 miles east-north- 
east of Blue Canyon, elevation 6,752 feet, 410 inches. 

The precipitation received in the form of snow, while 
consequential over only about half of the State, is a vital 
factor in all of the more important activities in California, 
providing a water reserve for navigation, mining opera- 
tions, hydroelectric projects, and domestic and munic- 
ipal consumption, and ing possible many minor 
activities that depend on the others for their prosperity. 
The California snow-fields also have a recreational value 
and their use for winter sports has increased greatly 
during recent years. 


SNOWFALL DISTRIBUTION BY MONTHS 


Snow has fallen over the ‘‘High Sierra” in all months 
of the year, but over the valley floors and much of the 
coastal area, only occasionally during the winter, and 
spring months. Daily amounts generally are incon- 
sequential over the lowlands and drier portions of the 
State, and increase with increase in seasonal precipita- 
tion and in altitude up to 7,000 feet, reaching a maximum 
over the western slopes of the middle Sierra Nevada. The 


1 Presented at the American Meteorological Society at Berkeley, Calif., June 21, 1934, 


heaviest 24-hour snowfall of record in California was 60 
inches at Giant Forest, Tulare County, on January 19, 
1933, and the next heaviest was 59 inches at Summit on 
December 23, 1916. 

The distribution by months for the State as a whole in 
percent of average seasonal amount is as follows: Janu- 
ary, 26; February, 20; December, 18; March, 17; April, 8; 
November, 7; and October and May, 2 each. The total 
fall for the other 4 months is less than 1 percent of the 
seasonal average. This average distribution is fairly 
representative. However, in the warmer portions of 
northern and central California the midwinter months 
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have a somewhat higher percentage than like months for 
the State as a whole. Similarly in the colder portions, 
especially over the eastern slopes of the southern Sierra 
Nevada, higher percentages occur in the spring months. 
The distribution over the southern slopes of the mountains 
of southern California is similar to that over the southern 
slopes of the southern Sierra Nevada. The monthly 
distribution for four groups of stations is illustrated in 
figure 1. Reading down from the left, the first group 
represents the Coast Range Mountains; the second the 
western, and the third the eastern, slopes of the Sierra 
Nevada; and the fourth, the mountains of southern 
California. 
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A longer period of record is needed to obtain repre- 
sentative monthly means for low-level than for high-level 
stations, as at the former several seasons may pass with- 
out snowfall, making it necessary in some instances to base 
a monthly mean on a single occurrence. Consequently 
monthly means for low-level stations are not comparable 
unless like periods of record are used, or the means 
adjusted. Monthly values show wide fluctuations at the 
moderate and high elevations also, but become more 
stable with increase in altitude. 

The combined Summit-Norden-Soda Springs snowfall 
record is the longest in this State and will be used to show 
the range in monthly amounts for a district where condi- 
tions are relatively stable. In this area of heavy snowfall 
there have been years when snow did not fall from June 
to October, inclusive. The extremes for each month, in 
inches, are as follows: 


ERIE 


The April maximum entered above occurred in 1880, 


and was exceeded at Tamarack, where the greatest 
monthly amount was 390 inches in January 1911. 


July 
Aug 
Sept. 
Oct. 
Nov. 
Dee. 
Jan. 
Feb. 
May 


SEASONAL DISTRIBUTION 


Average seasonal amounts range from a trace or less 
along the middle and southern coast and in a few southern 
low-level, interior localities, to 449 inches at Tamarack, 
Alpine County, elevation 8,000 feet. About one-third 
of the State has an elevation of less than 1,000 feet, and 
the average snowfall for this third is 0.5 inch, with seasonal 
totals ranging from zero to 1 inch over its southern and 
central portions and from 1 to 8 inches over its northern 
polawe the maximum amount occurring in the northern 

acramento Valley. The higher the level the greater the 
range in the seasonal averages up to an elevation of 8,000 
feet; latitude, distance from the ocean, and total seasonal 
pevegeuneee are the most important modifying factors. 

he average seasonal snowfall is shown in figure 2 and the 
average seasonal precipitation in figure 3. 

These charts bring out the close similarity between 
the seasonal distribution of snowfall and precipitation 
over the Sierra Nevada and the Modoc Plateau, but 
elsewhere a dissimilarity, which increases as the per- 
centage of total precipitation in the form of snow de- 
creases. The isohyets closely follow contour lines, but 
are more regular, probably due to lack of sufficient 
reporting stations to bring out all irregularities of pre- 
cipitation caused by orographic control. Lines of equal 
snowfall follow contour lines at the higher altitudes; also 
at the moderate levels, except in the warmer districts. 
The effect of direction of mountain slopes on snowfall 
is the same as on the total precipitation, the westerl 
and the southerly receiving a much heavier snowf 
than the easterly and northerly, except over very lim- 
ited areas influenced by | topography. Data are 
insufficient to evaluate the shadow effect to the leeward 
of high mountain ranges. Figure 4 represents the 
average seasonal precipitation and average seasonal 
snowfall in percentages of normal for the period from 


1897-98 to 1932-33, inclusive. 

This graph shows that the seasonal snowfall has a 
greater variability than the seasonal precipitation. Dur- 
ing the period charted, the snowfall, expressed in percent 
of normal, ranged from 23 in 1930-31 to 215 in 1921-22, 
while the seasonal precipitation range was from 49 in 
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Ficure 2.—California mean seasonal snowfall. 


1923-24 to 153 in 1913-14. In general, the abnormalities 
of snowfall showed the same trend as those of precipi- 
tation, and in 26 of the last 37 seasons their departures 
from normal were in the same direction. Marked ex- 
ceptions to this rule were in 1913-14 when the seasonal 
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snowfall was 75 percent and the seasonal precipitation 
153 percent of normal; and in 1932-33 w snowfall 
and precipitation percentages were 201 and 70, respec- 
tively. Seasonal totals varied greatly in areas of heavy 
as well as in areas of light and occasional snowfall, as 
will be emphasized by giving the seasonal extremes for 
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Ficure 4.—Seasonal precipitation and seasonal snowfall. 


Soda Springs and Tamarack. At Soda Springs they 
were 154 in 1880-81 and 783 inches in 1879-80; and at 
Tamarack, 266 in 1925-26 and 884 inches in 1906-07. 

The snowfall was generally light during the first 9 
seasons of record; mostly heavy during the next 11 
seasons; light, with two exceptions, from 1917-18 to 
1928-29, inclusive; and marked by wide fluctuations 
during the last 5 seasons, that of 1933-34 included. 
Figure 5 shows accumulated precipitation and snowfall 
departures, based upon means for the period of record. 
The year 1911 was used as the starting point of these 

aphs, which accentuate the effect of the tendency for 
ike departures to predominate through a series of sea- 
sons and show a similarity in total precipitation and 
snowfall trends. There is a lag, however, in the snowfall 
changes in trend. 

The average effect of altitude on seasonal snowfall 
was obtained by tabulating the seasonal totals for each 
1,000-foot level, starting with stations having an average 
elevation of 500 feet. The number of records available 
decreased with increase in elevation, ranging from 239 for 
the 500 to 4 for the 7,500 and higher levels. The records 
used were fairly well distributed as to area, except for 
the 8,500- and 9,500-foot levels, where all were for sta- 
tions located on the eastern slopes of the southern Sierra 
Nevada. This grouping probably accounts for the much 
smaller mean obtained for the 8,500- than for the 7,500- 
foot level. The data available show a steady increase 
in the seasonal snowfall up to 7,500 feet, with rate of 
increase greatest between 5,500 and 6,500 feet. oe 
into consideration the distribution of the stations use 
for the higher levels, it seems probable that the line of 
heaviest snowfall is near the 9,000-foot contour line, as 
the average decrease between 8,500 and 9,500 feet for 
two groups of stations having similar exposure is onl 
0.5 inch. The rate of increase in seasonal snowfall wit 
change in altitude for the State as a whole, based wholly 
on actual records available, is shown at the top of figure 
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6, while below are indicated the rates of increase for 
altitude along 5 profile lines crossing the Sierra Nevada 
and 1 crossing the mountains of southern California. 

The rate of increase varies widely, being influenced by 
all of the factors that control the total fall of precipita- 
tion and snow. It is greatest along both slopes of the 
Sierra Nevada near an east to west line passing through 
Summit, and least in the desert region coal near the coast. 
Due to orographic influence it may differ widely within 
short distances. 

In studying the effect of temperature on the seasonal 
snowfall, only the mean temperature for the months of 
December, January, February, March, and April was 
used, as 81 percent of the total fall occurs during these 
months. It was found that, as a rule, cold winters were 
attended by more, and warm winters by less, than the 
normal snowfall. The average relationship is indicated 
in figure 7. 

The mean curve is displaced to the right if the seasonal 
precipitation is above normal, and to the left if below 
normal; the total precipitation thus acts with the tem- 
perature in controlling snowfall departures. Expressed 
numerically, for the period from December to April, in- 
clusive, 22 seasons were warmer and 17 colder than 
average. The average seasonal snowfall for the 22 warm 
seasons was 77 percent and for the 15 cold seasons was 
129 percent of the normal. In only 8 seasons were mean 
temperature and snowfall departures alike; 4 warm sea- 
sons having had more and 4 cold seasons having had 
less than the usual amount. The mean winter and early 
spring temperature effect on the total precipitation was 
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Ficure 5.—Accumulated departures. 


slight; the average for the cold was only 2 percent greater 
than for the warm seasons. ft IN 

The percentage of the total precipitation in the form 
of snow is negligible below the 1,000-foot level. At 2,500 
feet it ranges from 1 in southern to 10 percent in north- 
ern California; at 5,000 feet from 11 to 45 percent, de- 

nding largely on ocean influence and latitude; at 7,500 
eet from 88 to 92 percent for the few stations reporting 
from this altitude. It is slightly less for the stations in 
the Owens and Mono Basins, which have an altitude of 
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more than 9,000 feet; the lower ratio here is due to the 
considerable amount of precipitation that falls as rain 
during summer thunder storms. The percentages given 
are approximations because of insufficient information 
as to the character of precipitation and the water content 
of new snow. 

Efforts to measure the influence of advance of season 
and altitude on the water content of snowfall were also 
inconclusive due to lack of uniform methods and refined 
apparatus for obtaining the water equivalent of snowfall, 
many observers using the commonly adopted ratio of 10 
parts of snow to 1 part of water. In general, the ratio 
was found to be greater in mid-winter than in spring and 
autumn, at high than at low altitudes, and on the eastern 
than on the western slopes of the Sierra Nevada, tem- 

erature of the air at time of snowfall being the prime 
actor. Marked variations from storm to storm and 
season to season were indicated by otherwise unexplained 
differences in the water content and rate of disappearance 
of the snow cover. 

During the average season snow begins to accumulate 
at the high levels late in October, and by the end of 
November covers the ground above the 3,500-foot level 
over much of the Sierra Nevada. At the close of De- 
cember the snow cover has extended downward to the 
2,000-foot contour line, except near the coast and in 
southern California, where it is somewhat higher. The 
snow cover has its greatest increase in depth in January, 
gains but little in February, due to settling and melting; 
then decreases in depth, with greatest loss in April. By 
the close of March it has receded to the 3,500-foot level 
in the northern portion of the State, except in areas of 
unusually heavy falls; and a month later it has disap- 
peared, except in sheltered spots, up to the 5,000-fcot 
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level in the more northern and up to 8,500 feet in the more 
southern districts. The deepest average cover for the 


State for the area above the 2,000-foot contour line is - 


13 inches near the close of January; but the greatest 
average depth for the high-level stations in areas of heavy 
snowfall occurs late in February or early in March; the 
heavier the average fall the later the occurrence of the 
greatest average depth. On March 15 the average depth 
of snow cover at Soda Springs is 106 inches, and at Tam- 
arack 144 inches. The greatest depth of snow on the 
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ground reported at any time in California was 454 inches 
at Tamarack on March 9, 1911. Despite such great 
accumulations, there is no region of entirely permanent 
snow cover; and the snow sometimes observed on the 
higher mountain peaks during July, August, and Sep- 
tember usually is from recent storms. 
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FIGURE 7.—Temperature-snowfall-precipitation relations. 


The accumulated snow diminishes in area and depth by 
melting, settling, evaporation, and ground absorption. 
Rate of melting and evaporation accelerates with increase 
in temperature, wind movement, and amount and intensity 
of sunshine; settling is influenced by temperature, winter 
rains, and water content of the seasonal fall; and ground 
absorption is controlled by the condition of the soil when 
snow first begins to accumulate, whether frozen or un- 
frozen, wet or dry. It is obvious that melting is more 
rapid on sunny than on shaded slopes, and that deep 
and shaded canyons conserve the cover, unless subjected 
to more than average wind movement. The rate of 
melting varies greatly in localities where conditions seem 
alike, — of snow lingering long after the first bare 
ground appears nearby; and it is believed that these 
variations are due to differences in composition, tem- 
perature, and moisture of the ground surface underlying 
the snow, as well as to shade and uneven distribution of 
the original snowfall. 

The value of the seasonal snowfall as a water reserve is 
not measured by total fall alone, but is affected also by the 
monthly distribution, water equivalent, winter rainfall, 
and the weather factors that modify the rate and time of 
melting and cause alternate thawing and freezing. 
Water content and firmness of pack, as well as depth and 
area of cover, are important factors in estimating the 
probable spring and summer water supply. For marked 
contrasts in snowfall conditions, consideration need be 
given only to the last two seasons: The season of 1932-33 
was marked by a heavy total fall, favorable monthly 
distribution, and cold, cloudy weather which retarded the 
melting of snow and ice; while the present season had a 
light fall, which came too early for best results, and after 
the first of January much warm, sunshiny weather, which 
caused the snow cover to disappear earlier than during 
seasons when the total snowfall was less. 
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OBSERVATIONS OF CONDENSATION-NUCLEI IN THE ATMOSPHERE 


By H. LanpsBEeRG 
[Geophysical Laboratory, Pennsylvania State College, State College, Pa., December 1934] 


OBSERVATIONS 


In the summer of 1933 the writer began a study of 
atmospheric condensation-nuclei with the small counter 
of J. Scholz (1). All observations discussed in this paper 
were made with the same instrument and by the same 
observer, and hence are comparable. Furthermore, in 
evaluating the observations all the precautions men- 
tioned by Wait (2) for nuclei counters of the Aitken type 
have been taken. 

The observations were made in four different districts: 
The first series, at the Taunus Mountain Observatory in 
Germany (800 m above sea level, 700 m above surround- 
ings), comprised 700 sets of observations on 120 days (3); 
the second, at Koenigstein (500 m above sea level, 4 
km southwest of the Taunus Observatory, on the slope 
of the mountain), 44 sets of observations on 10 days (4); 
the third, a short series of 7 sets of observations on 4 days 
(3), made while crossing the North Atlantic Ocean 
westward; and the fourth, 300 observations on 110 days 
in the late summer and fall of 1934, at State College 
(Pennsylvania), (360 m above sea level) in the Nittany 
Valley of the Allegheny Mountains. 


SOURCES OF CONDENSATION-NUCLEI 


We know from the fundamental investigations of H. 
Koehler (5) that many condensation-nuclei are sodium 
chloride crystals from the oceans. The amount of chlo- 
rine in rain water indicates that practically all condensa- 
tion-nuclei in the higher levels of the atmosphere must be 
salt crystals, otherwise it would be very hard to account 
for the amount of chlorine in fog and rain water found by 
H. Kohler and recently also by H. Israel (6) and M. 
Bossolasco (7). Nevertheless the number of condensation- 
nuclei coming from the ocean is astonishingly small. 
Wigand, Bossolasco, and others stated this fact; and my 
observations on the North Atlantic Ocean show an aver- 
age value of 950 No/ccm, with a maximum of 1,450 
No/eem, and minimum of only 150 No/ccm. These 
values are for the layer nearest the surface of the sea. 
As the number of nuclei decreases rather rapid!y with 
altitude, even in case of considerable convection, and as 
it decreases probably also with distance from the ocean, 
and since we have, on the other hand, about 200 droplets/ 
ccm in clouds, it is very difficult to account for all the 
nuclei necessary by salt crystals from the ocean. How- 
ever, to account for the amount of chlorine in rain water 
we must either assume that the nuclei are larger by far 
than heretofore assumed (10-"g), or that other sources 
of chlorine are present. This problem requires further 
investigation. 

In settled countries by far the largest number of con- 
densation-nuclei are due to combustion. Practically all 
products of combustion which occur in atmospheric 
suspension, except perhaps, only the larger soot particles, 
are condensation-nuclei. Factories, railways, house fur- 
naces, and, by no means least, the combustion gases of 
motor cars, furnish the vast amount of condensation- 
nuclei which we find in the cities. This is clearly shown 
by the annual variation of the number of condensation- 
nuclei in or near populated districts. It is even to be 
seen in a small countryside town, such as State College, 
Pa. Figure 1 shows that the condensation-nuclei nearly 


doubled after the heating period started this fall, 1934. 
The same observation recently has been published by 
Egloff (8) for Davos. The ion countings of Wait and 
Torreson (9) at Washington, D. C., also show the same 
tendency. Clearly, then, the number of condensation- 
nuclei in settled regions gives us a fair picture of the 
suspended impurities in the air. 

The third source of nuclei is the ultraviolet radiation 
of the sun, which forms large ions. We found as 
many as 500,000 No./ccm due to such ions near a mer- 
cury lamp, in agreement with L. Schulz (10). Although 
these are laboratory values it may be assumed that also 
in the free atmosphere a certain number of nuclei are 
due to ultraviolet solar radiation. This may be one 
reason for the variations of nuclei in unpopulated regions 
(ef. Hogg, 11). 


THE VARIATIONS OF NUCLEI 


In the regions here under consideration, however, this 
last possibility may be neglected, as there are in these 
places far more potent factors. The largest local varia- 
tion is due to the elevation. Wigand (12) has measured 
the distribution of nuclei with height by balloon ascents; 
but it is also possible to get very good results for the 
lower levels by motoring from a plain up to the top of a 
nearby mountain. This has been done several times by 
going from the top of the Taunus Mountain down to the 
industrial centers in the Main Valley near Frankfurt 
(Germany), which covers a difference of 700 m in height 
in a horizontal distance of 18 km. In the case of a wind 
blowing up-mountain, which should carry the largest 
amount of nuclei, it is found that on the top of the 
mountain only 10 percent of the number near the city is 
present. This normal distribution may be considerably 
changed by convection. Figure 2 gives the diurnal 
variation of nuclei on the slope and at the mountain 
station on bright days with considerable vertical convec- 
tion, while a third curve represents the number at the 
mountain station on dull days without convection. 
Note that the convection current reaches the slope station 
about 2 hours earlier than the crest station. Others 
have shown that on the plain the course of nuclei is inverse 
(minimum at noon), and the ion observations of Wait 
and Torreson at Washington, D. C. (9) also indicate 
such a variation. 

If the connection with other meteorological elements 
is examined, we find a fair correlation between the num- 
ber of nuclei and the relative humidity. Figure 3 repre- 
sents the results obtained at State College and at the 
Taunus Observatory. Both curves show decreasing 
numbers of nuclei with increase of relative humidity. 
That is reasonable, as many, principally the more hygro- 
scopic, nuclei are surrounded by invisible water droplets 
before the saturation point in the air is reached, settle 
and thus escape counting (cf. Egloff 1. c.). 

Room experiments show that by hanging up wet sheets 


and thus increasing the relative humidity the number of © 


countable a is decreased by 50 percent in 1% 
hours, while without this wetting the number remains 
nearly unchanged. 

The next meteorological element investigated was the 
wind direction. Figure 4 shows the number of particles 
correlated to each wind direction at State College. Two 
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elements are here superposed. The influence of the loca- 
tion is shown by the dotted line which delimits the housed 
area in the vicinity of the observation place. The other 
element is the air mass which frequently is connected 
with one particular prevailing wind direction. The 
influence of the air mass will be discussed later. 

The wind velocity shows also a certain influence on 
the number of nuclei. The graphs of figure 5 show this 
connection at a valley station hke State College and at 
a mountain station. Both distributions can be approx- 
imated by straight lines with the equations: 


Taunus Mountain Observatory, F 
State College, N,x=N,..—8000 F 


where N,.. is the number per cubic centimeter at calm 
and F the wind velocity in Beaufort Scale divisions. 

This means that at the higher level, increasing wind 
velocity brings an increasing number of nuclei. At the 
valley station it is just the opposite: increasing wind 
velocity is followed by a decreasing number of nuclei. 
This is due to the vertical mass transportation by turbu- 
lence, as the exchange coefficient increases with higher 
wind velocity. 

Another well-known fact is that the visibility and the 
number of nuclei are connected; and, as we must expect, 
an increase of the impurity of the air decreases the 
visibility. This is shown by figure 6 for the values 
obtained at State College. 

Finally the measurements at State College have been 
distributed according to air masses, which had generally 
been determined according to Willet (13). The result is 
shown in figure 7. In many respects the impurities, 
represented by nuclei, give the same picture as has been 
found for turbidity factors by Wexler at Washington, 
D. C., (14) and Haurwitz at the Blue Hill Observatory 
(15). In addition to the air masses given by Willet, it 
was thought desirable to specify another type of air mass 
called, according to the Linke system (16) in Europe, I, 
“‘indifferent.”” This type of air occurs frequently in 
high pressure areas, where air masses lose entirely their 
original properties and shift slightly back and forth. 
Usually it stays a longer time than do others in one area 
and it frequently is connected with subsidence of the 
air. This is indicated by the additional index of (foehn). 
The effect is the opposite of that of convection, and 
the number of particles near the surface increases steadily. 
That a surface of subsidence stops any diffusion of nuclei 
entirely was proved on the Taunus Mountain Observa- 
tory in two excellent cases, when the inversion subsided 
so that the station was first at the lower and later at the 
upper limit of the inversion. The number of nuclei was 
in the one case 2,200 per cubic centimeters below, and 110 
above, that in the inversion; in the other case 4,000 and 
300 respectively. Although it is difficult to separate the 
local influences from those of the air masses entirely, it is 
evident that an air mass change, even without shifting 
the wind direction, always brings a remarkable change in 
the number of condensation-nuclei. This holds even in 
cases of occluded fronts. Hence nuclear counts furnish 
one more method of identifying changes of air masses. 
Future investigations however will have to extend to the 
points of origin of air masses to get a more complete 
picture of the variation of the nuclei during the history 
of a particular air mass. 


CONNECTED PROBLEMS 


As just explained, nuclear counts may be helpful in air 
mass analysis, which is one of the major problems in 
modern meteorology. But another meteorological prob- 
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lem can be attacked also from this angle. Since convec- 
tion and turbulence influence the vertical distribution of 
nuclei, therefore more exact values of exchange coefficients 
could be obtained by simultaneous measurements at a 
mountain and a nearby valley station: The above 
measurements taken in such different regions of the world 
would hardly be a sufficient basis for such calculations. 
The connection between vertical diffusion and wind, 
however, probably may be solved in this manner. 

In addition to these purely meteorological problems, 
fuller information can also be obtained on the question 
of the connection between weather phenomena and 
human health. Dessauer, Strasburger, and Happel (17) 
have shown that some of the aerosol ions have distinct 
therapeutic influences. The writer’s measurements of 
the amount of inhaled and exhaled nuclei show that in 
open air about 40 percent, and in room air about 25 per- 
cent, of the nuclei are absorbed by the respiratory tract. 
Observations of Amelung (18) point to the possibility of 
a kind of intoxication by ultra heavy ions. Another 
thing should also be mentioned in this connection: At 
the same time when the writer made the observations at 
the Taunus Observatory, a graduate student made ob- 
servations of the emanation content of the atmosphere. 
These (19) show a striking parallel with nuclear counts. 
A rising amount of nuclei was connected with an in- 
crease of radioactive emanation. In the case of the one 
inversion mentioned above the emanation was 1.2<107"* 
Curie/ecm below, and only 2.010- Curie/ccm above, 
the inversion. This and other considerations indicate 
that practically all emanation in the air is absorbed 
on nuclei. Following this suggestion, H. Israel (20) 

roved this relation to hold in a number of careful 
aboratory tests. This means that a certain amount 
of emanation will surely be retained in the human 
body by absorption of nuclei. The effects of inhaled 
emanation as an agent in the human body (be it thera- 
peutic or pathogenic) is evident, and Gerke (21), Aschoff 
(22), Muck and collaborators (23) have established facts 
of this influence. Furthermore, Flach (24) has shown 
that many pathogenic weather effects are due to down- 
ward currents in the atmosphere or, as one may say, 
surfaces of subsidence. As shown above, such weather 
conditions increase the number of nuclei, and it is, per- 
haps, not too bold to infer a connection between these 
changes in the aerosol (nuclei, ions and emanation) and 
health. This may hold good also for the formation of 
the famous Belgium death fog with its stagnating air 
masses. Occasional observations of Petersen (25) on a 
group of patients with pollen sensitivity likewise seem to 
point to the same conclusion. 

We are here just at the beginning of our knowledge, 
but some lines are drawn which may lead us to new 
results. If physicians and meteorologists attack this 
question in close collaboration a solution, increasing 
both our knowledge and human welfare, may be found. 


SUMMARY 


1. The results of 1,051 observations of condensation- 
nuclei at four different locations are given. 

2. Connections between the number of nuclei and 
convection and turbulence are shown; and correlations 
between nuclear counts, relative humidity, visibility and 
wind are mentioned. 

3. The relationship between nuclei contents and air 
mass is discussed, and the former found to be a valu- 
able help in air mass analysis. 

4. The effects of nuclei on human health, and their 
adsorption of radioactive emanation, principally with 
the occurrence of surfaces of subsidence, are discussed. 
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PRECIPITATION IN THE NORTHERN GREAT PLAINS 


By W. A. Marticre 
[Weather Bureau, Washington, January 1935] 


Abnormalities in weather focus public interest on 
localities that may be experiencing unusual extremes. 
Thus, a report of extremely cold or hot weather in the 
newspapers at once arouses temporary interest in the 

lace mentioned. Also, but to a more limited extent, 
ocal droughts are of interest, while floods occupy much 
space on the front page. Droughts usually are not so 
intensive in interest as floods, but the severe dry spells 
that were experienced in 1930 and again in 1934 were of 
such magnitude as to create wide-spread concern. The 
region covered in this paper has been the focal point of the 
droughts in recent years, as the precipitation in many 
places therein has been scanty for a comparatively long 
time. 

Wide-spread interest has prompted this paper. The 
charts partially fill the need for detailed climatic maps of 
the area concerned. The data on which they are based are 
contained largely in Bulletin W, of the Weather Bureau. 

Much comment has been heard in recent years about 
the suitability of our dryer regions for agriculture, and 
much of the Northwestern Plains has been classed as only 
semiproductive or submarginal. So far as temperature 
is concerned, many staple crops could be grown with profit 
in this section by selecting those with the proper thermal 
requirements, but the agricultural utilization of much of 
this land is limited by moisture conditions. 

For ordinary agriculture the average annual precipita- 
tion is considered the limiting factor for general farming. 
However, the average or normal rainfall does not mean 
that this amount can be expected in 50 percent of the 
years, as it is generally well known that a greater propor- 
tion of the years have rainfall below normal. 

Chart I shows the average annual precipitation for the 
northern Great Plains. In the preparation of this and 
other charts, the method of Kincer (1) was followed in 
locating the isohyetal lines. The average annual amounts 
range from around 25 inches, or slightly more, in south- 
eastern South Dakota to less than 10 inches in parts of 
Wyoming and Montana. The annual rainfall decreases 
progressively westward, the region varying from semi- 
humid in eastern South Dakota to almost arid in parts of 
Wyoming. The higher elevations of Montana and 
Wyoming are relatively well supplied with moisture, with 
the average annual precipitation over 30 inches in extreme 
western Montana and over 25 inches in north-central and 
northwestern Wyoming. On the other hand, parts of 


these States have less than 10 inches of rain a year, on the 
average, notably in the upper Red Rock Valley of Mon- 


tana and in the lower Shoshone and Bighorn Valleys of 
Wyoming. 

One important feature of this map is the large area 
with annual rainfall less than 15 inches. As the isohyetal 
lines are drawn to 2-inch intervals on the even numbers, 
some interpolation is necessary, but the size of the region 
can be readily determined. A large section of north- 
western North Dakota has, on the average, less than 16 
inches a year, while much of eastern and northern Montana 
has less than 14 inches. As the minimum amount of 
annual precipitation necessary for successful farming by 
ordinary methods usually is considered to be between 15 
and 20 inches, this region is especially noteworthy. With 
an annual rainfall of lass than 15 inches, other conditions 
must be very favorable to ensure successful farming in 
the long run. 

In the Great Plains the agricultural significance of the 
rainfall depends principally on its seasonal distribution, 
the variations of amount from year to year, or its de- 
pendability, and the rate of evaporation. All of these 
modifying factors operate more favorably in the northern 
part than in other sections of the Plains, with the result 
that while rainfall is scantier in the north, conditions 
there are climatically more favorable for crop growth 
than elsewhere in the area where the average annual 
precipitation may be comparable. 

In the Great Plains it is the rainfall of the crop growing 
season that is important from the agricultural viewpoint. 
The winter precipitation is light and the amount stored 
in the soil at the beginning of spring usually is small. 
Normally the rainfall increases rapidly with the advent 
of spring; May and June commonly are the months of 
greatest amounts. The warm-season rains comprise 
much the greater proportion of the annual, except in 
some districts of Montana. ome 

Chart II shows the average warm season precipitation. 
This chart covers the ates from April to September, 
inclusive. The amounts vary from around 20 inches in 
extreme southeastern South Dakota to less than 6 inches 
in north-central Wyoming. Much of South Dakota has 
more than 12 inches during this 6 months’ period, while 
the eastern part of the State averages over 14 inches. 
In North Dakota the average amounts ~— from 11 to 
over 16 inches, but in Montana and Wyoming the 
topography has such a large effect that no definite ex- 
tensive area can be delimited, except for eastern and 
northern Montana where the warm-season rainfall 
averages from 10 to 11 inches. 
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Chart III shows the percent of the annual precipita- 
tion that occurs during the warm season. It will be seen 
that much of the Dakotas average more than 75 percent 
of the year’s rainfall during the 6 warm months; some 
sections average over 80 percent, and limited localities 
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A very important matter in connection with this 
region is that of droughts. How frequently do they 
occur and how severe and long-continued are they? 
The answer to the first question is indicated by chart 
IV, which shows for a 40-year period, 1894-1933, the 
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FIGURE 1.—Average annual precipitation by 5-year moving averages for selected stations in the northern Great Plains. 


range as high as 84 to 92 percent. In Montana the per- 
centages vary widely, from 80 in parts of the east and 
north to less than 40 in the western valleys. Wyoming 
has much the same characteristics as Montana, with the 
percentages ranging from 40 to nearly 80. As indicated 
on this chart, the annual rainfall may be small, but the 
seasonal distribution is very favorable in making much 
the greater part of the total available for crop growth, 


percentage of the years with less than 15 inches of 
precipitation. The minimum amount is very important, 
and agricultural planning should be made in expectation 
of recurring droughty periods. The chart shows that 
the percentage of years with less than 15 inches of 
ranges from around 4 in southeastern 

uth Dakota to 80 or even up to 100 in parts of northern 
Wyoming. Most of Montana east of the Continental 
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Divide may expect an annual rainfall of less than 15 
inches in over half the years, although some western 
localities very rarely have less than this. In North 
and South Dakota the percentages drop off rapidly to 
the eastward, ranging from around 40 to 50 in the 
western parts to mostly less than 10 along the eastern 
borders. 

Figure 1 has a bearing on the question of duration 
and intensity of droughts. The data shown are annual 
precipitation by 5-year moving averages; that is, each 
point on the graphs represents the average for the 5 
years up to and including that year. The long-record 
graph for St. Paul, Minn., is included for comparison 
with the shorter periods of the stations in the area 
concerned. Some of these necessarily are combinations 
of records for nearby stations in order to obtain as long 
a period as possible. Thus, the data for Williston, 
N. Dak., represent not only those for Williston, but also 
those for Buford, N. Dak., a nearby station with an 
earlier record than is available at Williston. 

Similarly the record for Pierre, S. Dak., is combined 
with a record for Fort Sully, S. Dak., also a nearby 
station with earlier data. While all of the data are not 
strictly homogeneous they show the general tendency of 
precipitation in this area. 

The record for St. Paul covers the years 1836-1934, 
inclusive, while the others are shorter. The sparse 
settlement of much of this area in the earlier years pre- 
vented complete coverage, and it was extremely difficult 
to maintain continuity of records. 
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The really encouraging indications of these graphs are 
the recoveries that were made after previous depressions 
rather similar to that now prevailing. The trends for 
Yankton, S. Dak., follow those for St. Paul closely, 
but in general the stations tend to less variation as they 
progress westward. Miles City, Mont., shows a long- 
time drop in annual rainfall similar te St. Paul, but 
most of the other stations show general tendencies to 
dryness only during the last few years; for instance, 
for Williston, N. Dak., the annual trend has just started 
down, indicating that perhaps this region is tending 
toward a series of dry years. 

The most important feature in all these graphs is the 
fact that for every series of years with subnormal rain- 
fall there is a subsequent recovery with above-normal 
amounts for several years. The periods are far from 
uniform in length, as is readily apparent, but the most 
striking thing is the alternation of depressions and 
recoveries just mentioned. 

Grateful acknowledgment is made of the invaluable 
aid and advice freely given by Mr. J. B. Kincer. 
Acknowledgment is also made of the material that was 
taken from Kincer’s article on the climate of the Great 
Plains (2), 
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METEOROLOGICAL EXTREMES OF THE SOUTHWEST 


By E. 
[Southwest Missouri State Teachers College, Springfield, August 1934] 


The average person remembers the unusual weather 
which he has experienced, and forgets the normal course; 
and of this unusual weather, he is likely to remember only 
that which occurred most recently or which may have 
made some deep impression upon him at the time. If, as 
a child, he had an unusual experience of wading through 
snow up to his hips on Thanksgiving Day, that fact clings 
to his mind for years; and because no elon Thanksgiving 
since then may have had snow that deep, he knows that 
the weather isn’t what it used to be, notwithstanding that 
snow, hip deep, to a child might not need to be much 
more than a foot deep. It may seem, therefore, that the 
subject here treated would only be aggravating a situation 
already bad. That can hardly be the case, however, 
because probably no reader of this article has experienced 
as much as 5 percent of the phenomena or conditions 
which are portrayed. To the student of human cli- 
matology a knowledge of extremes of weather is quite as 
significant as a knowledge of averages, since the extremes 
cause so much property loss and human suffering. The 
extremes noted habs do not in any sense comprise all those 
observed in the Southwest over even a recent period, for 
only a small percentage ever find their way into print; 
and necessarily the source of information herein contained 
is almost wholly from published records. 

Temperature extremes seem to interest the greatest 
number of individuals, for there is no one who is not 
affected directly by them unless he should be so fortunate 
as to be able to seek a more congenial clime when tempera- 
ture extremes are greatest, namely, in summer or in win- 


1Actively assisted by Mary Botts, Helen McBride, and William Raney, research stu- 
dents. In many instances, new records for drouth and high temperature were estab- 
lished during the summer of 1934. 


ter. The person living in a substantial city apartment is 
less directly affected by drouths and floods, snow and 
rain, wind and hail, than by temperature. 

The most pronounced extremes of temperature seem to 
be in Colorado, at elevations between 5,000 and 10,000 
feet. Pagosa Springs, in the southwest portion of the 
State, has an absolute range of temperature of 156°, from 
95° in July to 61° below zero in February, which was 
attained during the cold wave of 1933 (1). During that 
same cold wave, the temperature at Silverton, in western 
Colorado, dropped to 56° below zero, giving it an absolute 
range of 149°. Of course, large ranges of temperature are 
experienced elsewhere than on the Colorado plateaus; 
Warsaw, Mo., for instance, with an elevation of only 715 
feet, has an absolute range of 151°, from 115° in July to 
—36° in February. 

Of all of the southwest portion of the United States, 
least absolute ranges of temperature are found in southern 
Texas and Louisiana. The smallest range is 80° at Bay 
City, Tex., where the highest temperature recorded was 
98° in both July and September and 18° in January. San 
Benito, in southwestern Texas, has an absolute range of 
82°, while Louisiana’s smallest absolute range is found at 
Carrollton, 83°. During a 50-year -. the highest 
temperature recorded in Palestine, Tex., was 108° in 
August, while that at Port Arthur, Tex., was 102° in 
June; Palestine’s minimum, however, is 6° below zero for 
February, and that of Port Arthur is but 11° for January. 
Gulf waters presumably cause these differences. 

Even places on the Gulf have their cold waves. At 
Galveston, Tex., in February 1899, the temperature 
dropped to 7.5°, causing fish which were caught in shallow 
warm water to die from chill before reaching deep water 
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(2). During a severe cold wave on the Texas coast in 
January 1918 the temperature fell from 63° to 16° in 12 
hours, and this in spite of the warm waters of the Gulf (3). 

It appears that the highest temperature ever recorded 
in the Southwest was 127° in July at Parker, Ariz. Mari- 
copa, Ariz., has had a June temperature of 126°. Ac- 
cording to States, Kansas ranks second in high tempera- 
tures, for it was reported that during a general period of 
hot winds in western Kansas in September 1931, 120° 
was reached. This report, however, has been considered 
very doubtful by the Kansas section director of the 
Weather Bureau (4). Before this, Kansas’ highest tem- 

erature was 116°, recorded in June at Hugoton. One 

undred eighteen degrees, recorded in August at Oak- 
wood, holds the record for Oklahoma’s high temperatures, 
while the highest in Texas was 117° in June at Big Spring. 
Missouri’s highest temperatures were recorded in July at 
Marble Hill and Warsaw, where they read 116° and 115°, 
respectively. Garfield, N. Mex., recorded a temperature 
of 114° in June and 110° in May. Louisiana’s highest 
temperature was reached in August, 112°, at both Liberty 
Hill and Minden. Prescott, Arkadelphia, and Hemp 
Wallace, all in Arkansas, have maxima of 111° in August. 
Colorado’s highest temperature, 111°, was recorded at 
Two Buttes in July and August. 

The highest January temperature recorded in Texas 
was 96° at Fort Stockton. Riogrande, Tex., has had a 
February temperature of 104°, and also the highest 
March temperature on record, 108°. Parker, Ariz., 
which had the highest temperature recorded, also has 
the maximum recorded for April, 113°. Two other 
points in Arizona, Aztec and Casa Grande, hold the 
record for May, of 120°. Buckeye, Ariz., has registered 
114° in October, while Maricopa, Ariz., and Fort 
McIntosh, Tex., hold the November record with tem- 
peratures of 101°. The highest December temperature 
recorded in the Southwest was 98° at Encinal, Tex. 

The lowest temperature recorded in the Southwest 
was —61° at Pagosa Springs, Colo., as already stated 
Missouri's lowest temperature was recorded at Warsaw, 
—36° in February. New Mexico’s minimum is also 
—36°, recorded at Haynes in December. Atwood, 
Kans., with a January low of —33°, experienced the 
minimum for that state. Chin Lee holds the minimum 
record for Arizona with a December temperature of 
—32°. Arkansas’ minimum is —29° and Oklahoma’s 
is —23°. Louisiana’s lowest temperature was —16° 
recorded in February at Minden, which also had the 
highest temperature recorded for Louisiana. There 
have never been any subzero temperatures recorded in 
southern Louisiana; the lowest temperature reached 
there was 1° in February at Amite and near Hammond. 
Subzero temperatures have been recorded only twice in 
Dallas, during a 43-year period. The last time was in 
January, 1930, when the temperature fell to 3° below 
zero. 

Normally, the lowest temperatures of the year come 
in December, January, or February. In 1932, however, 
Fort Smith, Ark., experienced 13°, the lowest tempera- 
ture of the year on March 9, and this is the lowest March 
temperature of record, having followed a February with 
a daily excess of 8°. The lowest temperature ever 
recorded at San Benito, Tex., is 25°; all other stations in 
the Southwest have recorded lower temperatures. 

As has already been stated, the lowest annual absolute 
minimum for this section is —61° in February, Pagosa 
Springs, Colo. The lowest minimum of the hottest 
month is 25° for June and Julv at Buena Vista, Colo. 
The absolute highest minimum of the hottest month is 
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73° in August, at Port Isabel, Tex.; that is, at no other 
station in the Southwest has the warmest month passed 
pevee ey temperatures going below 73° during at least 
1 night. 

One of the greatest overnight changes in temperature 
occurred at Amarillo, Tex., February 7, 1933, when the 
temperature dropped 70°, from 64° to —6° (5). Almost 
as great a change occurred in Oklahoma City November 
11, 1911. At 1p. m. the temperature was 83°; at 3:30 

.m., it was 32°; and at midnight, 17°. At3 a.m. ofthe 
day, it was 14°. Eighty-three degrees and 17° 
are still the highest and lowest of record there for Novem- 
ber 11 (6). Springfield, Mo., also experienced a sudden 
drop in temperature in November 1911. At 3:45 p. m. 
the temperature was 80°, which broke a 25-year record 
for that month; during the night the temperature fell 
to 13° (7). 

The most severe and one of the most recent cold 
waves of the Southwest was that of February 1933. 
This caused the unprecedented low temperature at 
Pagosa Springs, Colo. New Mexico and Texas also 
experienced cold waves during this period, following 
abnormal January warmth. The Great Basin States, 
including the northern part of New Mexico and Arizona, 
had markedly subnormal temperatures during the winter 
of 1933, averaging 5° to 10° below normal, making it one 
of the coldest winters of record in those States (8). There 
were two severe cold waves in the Southwest the latter 
part of January 1930. In Texas this was the most 
severe cold wave in a period of 30 years (9). At scat- 
tered places at high altitudes in Colorado, Arizona, and 
New Mexico, the temperature fell to between 30° and 
40° below zero on November 25, 1931 (10). In 1918, 
there was a severe cold wave on the Texas coast, with a 
sudden drop in temperature from 63° at 11 p. m., Janu- 
ary 10, to 16° at 11 a. m., January 11 (11). During the 
cold wave of 1918 and 1919, Amarillo, Tex., had 37 con- 
secutive days with temperatures of 32° or less. In 
December 1923, the average daily temperatures for the 
2 weeks of cold weather, following a snow storm in the 
southern mountain and plateau states, were from 10° 
to more than 30° below normal (12). 

During a period of hot winds in the summer of 1930, 
the highest temperature of record in western Kansas 
was reached in September, when the thermometer is 
said to have registered 120°. From July 4 to August 16 
of that year, 39 out of 44 days had temperatures of 100° 
or more. This hot wave included most of the South- 
west. In Texas, the period of high temperatures started 
June 17 and ended August 25. Each of those 70 days 
had temperatures of 100° or more. During the same 
period in Oklahoma, 64 days out of 66 had temperatures 
of 100° or more, and Arkansas and Missouri both had 
more than 1 month with temperatures 100° or more. 

There was a hot wave in 1913, affecting particularly 
Texas and Arkansas. In Arkansas there were 13 days 
with a maximum temperature of 100° or more, while in 
Texas there were 6 days (13). There was abnormal 
warmth during June 1933 in the Middle West. The ex- 
treme heat prevailed during two distinct periods, inter- 
rupted, however, by a spell of very cool weather. The 
first hot wave prevailed over most of the country east of 
the Rockies from the 3d to the 11th. Temperatures ex- 
ceeded 100° at many stations, while 110° was recorded at 
Wichita and 106° at Concordia (14). Brownsville, Tex., 
once had 105 consecutive days with a maximum of 90° or 
above, from May 23 to September 4, 1900. 

A rather unusual condition exists around Corpus 
Christi, Tex., where the maximum temperature on most 
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of the days comes between 11 a. m. and 1 p. m. (15). 
Brownsville, Tex., averages about 1 day in 10 years with 
a temperature of 18° or lower, and 1 day in 50 years with 
a temperature of 15° or lower. 

Of all the United States, the Southwest, particularl 
the normally drier portions, has the most erratic rainfall. 
For a given period the average is seldom experienced. 
Droughts and floods in varying degrees of severity are to 
be expected almost every year. It was during August 
1922 that ranches throughout most of the South- 
west were unfavorably affected by dry weather. At the 
close of the month, cattle were in poor condition in most 
of New Mexico and west Texas (16). On the other hand, 
torrential rains in southern and central Texas during Sep- 
tember 1921 caused floods which resulted in the death of 
215 persons and in damage to property amounting. to 
more than $19,000,000 (17). 

Records are replete with accounts of excessive precipi- 
tation. In all the Southwest probably the greatest single 
fall of rain was near Taylor, Tex., during the night of Sep- 
tember 9 and 10,1921. <A total of 30 inches was recorded 
in 15 hours, thus averaging 2 inches per hour (18). 
Torrential rains over the southeastern portion of Texas in 
May 1923 resulted in Beaumont recording nearly 14 
inches, and it was reported that the entire amount actually 
fell in 2% hours (19). In June 1913 nearly 21 inches of 
rain fell in 18 hours at Montell (20). Brownsville re- 
ceived 12 inches in 24 consecutive hours in September 
1886, which helped raise the month’s total from a mean of 
5% inches to an excess of over 25inches. Opid’s Camp on 
the west front of the San Gabriel Range reported that 
slightly over 1 inch of rain fell in 1 minute on April 5, 1926 
(21). Four inches fell in 1% hours at Concordia, Kans., 
on June 23, 1904. 

Precipitation for November 1931 was abnormally 
heavy over an area including eastern Kansas and central 
Oklahoma, which reported four to six times the normal. 
Phoenix, Ariz., received nearly five times its normal (22). 
During April 1931 the precipitation at El] Paso, Tex., was 
eight times the normal for the month and was 160 percent 
of the greatest previous April fall in the 50 years of 
record (23). Galveston, Tex., reported May 1929 as 
having the greatest rainfall for the month in over 50 
years (24). 

Missouri’s greatest annual fall of rain, of a little over 70 
inches, occurred at Cassville in 1895. Leroy, Kans., 
recorded 65 inches in 1915; Calvin, Okla., 70 inches in 
1908; and Arkadelphia, Ark., 93 inches in 1905. At 
Clarksville, Tex., 109 inches is the record established in 
1873. During May, June, and July of the same year a 
total of 53 inches fell. Harvey’s ranch, New Mexico, 
recorded 51 inches in 1919. Pinal ranch, Arizona, 
recorded 58 inches for the year 1905. The greatest 
annual fall for Louisiana occurred at Alexandria in 1923, 
with a total of 88 inches. 

In the more or less semiarid portions of the Southwest 
the fall of rain in abnormal quantities often causes great 
damages to prospective and matured crops by disastrous 
floods in the otherwise dry river channels. Outstanding 
floods of 1923 were those of the Arkansas River from East- 
ern Kansas to the river’s mouth, the Neosho River of Kan- 
sas and Oklahoma, and the Cimarron and Canadian 
Rivers of Oklahoma. Four weeks of almost continuous 
and frequently excessive rains brought about these floods, 
the crest stages of which were as a rule higher than any 
previously recorded. The floods came at the time of 
matured wheat and growing corn and covered nearly 
300,000 acres of productive land in southeastern Kansas 
and northeastern Oklahoma. The loss and damage, 
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mainly to crops, amounted to approximately $28,000,000 
(25). There was more rainfall received than normally 
expected in April during 1922 from central Texas north- 
east to the lower Ohio valley. Monthly amounts ranged 
up to as much as 18 inches and in portions of Kansas and 
Oklahoma precipitation was the greatest of record for the 
month (26). 

At Phoenix, Ariz., in February 1931, 300 tourists who 
had been driven from auto camps at Wellton by a flood 
which followed a cloudburst 2 days previously had to be 
fed because they were stranded by impassable roads (27). 
During the flood of the Trinity River at Fort Worth, Tex., 
in April 1922, 11 persons were drowned, with many others 
missing. The flood waters were derived from heavy rain- 
fall during a severe electrical storm (28). Unusually 
heavy rainfall in southeastern Arizona during September 
1926, resulted in the crest of the Gila River, near the 
town of Kelvin, reaching 11 feet above flood level (29). 
The Brazos River flood of May 1922, reached a crest 
stage at Kopperl, Tex., of 48 feet, or 27 feet above the 
flood stage. This was 11.5 feet above the previous 
high-water mark of November 1918. Property damage 
totaled approximately $1,750,000 (30). 

Excessive precipitation of from 7 to 12 inches during 
August 1922, in the vicinity of Enid, Okla., and the Cim- 
arron Basin caused the Cimarron River to flood, resulting 
in the washing out of 19 bridges in Woods County and 18 
in Logan County. Two boys were drowned at Oilton, 
and over 150 square miles of cultivated lands were under 
water which stripped away the surface soil. Damages 
totaled several hundred thousand dollars (31). Torren- 
tial rains in Comanche County, Tex., in September 1910, 
resulted in a disastrous flood which swept down the nar- 
row channel of the Leon River in a 25-foot wall of water, 
killing 13 persons (32). Heavy local mountain rains 
caused a flood in the Galisteo River, a tributary of the 
Rio Grande, in New Mexico during August 1924. The 
town of Lamy was inundated with a probable loss of 
$500,000 (33). 

The Southwest as a whole is subject occasionally to 
falis of hail which do a vast amount of damage in a short 
time not only to crops, but also to property and buildings. 
Reports of outstanding hailstorm losses during 1929 from 
Kansas totaled $2,400,000 with countless minor losses not 
reported. Fifteen of the 38 storms came in June. Dur- 
ing 1928 Kansas suffered losses of $1,000,000 or more 
from each of six hail storms (34). The year 1927 was 
characterized by 6 days, each with very heavy hailstorms 
in Oklahoma, Kansas, Colorado, and Texas; the total 
loss amounted to $7,000,000. Estimates of loss in 1927 
from 298 hailstorms totaled $15,000,000; while during 
1926, $12,000,000 was the loss in 295 storms (35). 

In May 1926 a destructive hailstorm in northeastern 
Texas damaged property to the extent of several million 
dollars, the greatest damage being in and around Dallas. 
The hailstones were reported to be the size of moth balls, 
hen’s eggs, and baseballs, some weighing 22 ounces. 
Scores of people were injured, crops and fruit orchards 
destroyed, and cows and horses killed (36 and 37). 
In July 1924 a strip of hail 40 miles long and 3 to 7 
miles wide fell in Stevens County, Kans., ruining 30,000 
acres of wheat. During a tornado at Rocksprings, Tex., 
in April 1923, hail fell that measured 2 inches or more 
in diameter, up to the size of baseballs. The noise of its 
falling on housetops could be heard one-half mile away 
(38). An causal severe hailstorm swept a path 5 
miles wide across Grove and Lane Counties, Kans., in 
June 1928, leaving fields in the path bare. Horses, cattle, 
hogs, sheep, rabbits, chickens, and birds were killed. 
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Hailstones piled into drifts 8 to 15 feet deep, many of 
which remained for 3 days afterward (39). Fine stands 
of wheat in Kansas were destroyed by hail in June 1928, 
causing a loss of $2,000,000 (40). Stanton, Morton, 
Grant, Haskell, Seward, Meade, and Clark Counties, 
Kans., suffered one of the worst hailstorms in history in 
June 1928; crops and property for 140 miles were dam- 
aged to the extent of approximately $3,000,000. Gray- 
son, Lamar, Fannin, Delta, Denton, and Smith Counties, 
Tex., in May 1926, were damaged $1,700,000 by hail. 
In June 1931, at Warsaw, Mo., hailstones as big as base- 
balls fell with such force as to strip homes of weather 
boarding, kill poultry, birds, and livestock. Ice was 
formed a foot thick and piled up 3 feet deep immediately 
after the storm (41). The most severe hailstorm that 
ever visited Corpus Christi occurred in May 1924. Hail 
one-half inch in diameter fell continuously for almost an 
hour, associated with strong north winds, vivid lightning, 
and torrential rainfall of 1.65 inches in 38 minutes (42). 
Wray, Colo., in June 1927, lost about 50 percent of its 
crops from hail. At Roswell, N. Mex., in October 1930, 
car tops were perforated, windows were broken, buildings 
damaged, and cotton and alfaifa crops were beaten by an 
1,800-yard-wide path of hail that caused $90,000 dam- 
ages. Barton, Pawnee, and Stafford Counties, Kans., 
in June 1927, were damaged to the extent of $2,000,000 
by a 30-mile-wide path of hail. 

In January 1929 no other Weather Bureau station in 
the plateau region had so much snow on the ground as 
Flagstaff, Ariz. The deepest snow, 19 inches, was about 
100 miles north of Flagstaff (43). A few days before 
Christmas 1929 Texas was visited by a snowstorm of 
unusual severity, which paralyzed traffic in the central 
part of the State. In the panhandle of Texas heavy 
snows are common, but in central Texas snows are rare, 
while farther south near the Gulf and along the Rio 
Grande snow is practically unknown. In this storm 
northeast Texas had no snow, while central and southern 
Texas had very heavy snows, 26 inches falling at Hills- 
boro (44). Ten inches of snowfall on Pike’s Peak in 
June 1928 marooned 25 tourists (45). In December 1924 
sleet and snow impeded Oklahoma’s railway and street 
traffic and damaged overhead wires to the extent of 
$500,000. 

Corpus Christi, Tex., and the surrounding counties 
suffered from damages to trees, flowers, citrus-fruit trees, 
and telephone and telegraph lines by ice and sleet in 
December 1924. In 1911 at Springfield, Mo., the first 
snow of the season fell in October; and from then to 
March the total amount was 53 inches as compared 
with the average annual snowfall of about 15 inches. 
During January 1912 in the same city the ground was 
covered for 24 days; snow occurred on 41 days, and on 
the 20th of February a total of 20 inches was recorded, 
which exceeded all previous 24-hour snowfalls, and was 
more than had ever before been recorded in a single 
month (46). Beginning late in November 1923, snow 
overspread the panhandle of Texas and extended into 
eastern Kansas, western Missouri, and Arkansas. 
Locally in eastern Kansas the fall was the greatest 
reported for the entire month of November for any 
teats year (47). Snow fell throughout Arkansas in 

anuary 1910, the depth ranging from 1 inch in counties 
bordering Louisiana to 10 inches in the upper Ouachita 
Valley. This distribution is unusual, as the heaviest fall 
a usually occurs in the northern part of the State 

A sleet and ice storm of Reet severity occurred at 
Corpus Christi, Tex., during December 1924. The coat- 
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ing on the wires and trees was so heavy as to cause wires 
to break. In the latter part of the month there was an 
inch of snow and sleet on the ground, a very rare occur- 
rence for that section (49). A December 1929 States 
bordering the Gulf from Texas to Alabama reported the 
greatest average snowfall on record for the month (50). 
Alexandria, La., received 8 inches of snow during Decem- 
ber 1901. This was the greatest fall on record. 

In December 1923 a storm attended by heavy snow 
spread over the southern mountain and plateau States 
centering over New Mexico. Drifting snow completely 
tied up automobile traffic and nullified railroad schedules. 
This was followed immediately by much colder weather 
(51). During December 1924 snow occurred as far as the 
extreme southern part of Texas, amounts of 1 inch or 
more being reported from the lower Rio Grande Valley 
(52). During January 1930 moderate amounts of snow 
fell much farther south, particularly in Texas and the 
Lower Mississippi Valley. In Oklahoma the amount was 
50 percent above that of any previous January (53). 

In the Arkansas River from Cimarron to Wichita, 
Kans., ice jams in early February 1924 were productive 
of local floods. The ice conditions were said to have been 
the severest in the history of the State of Kansas. The 
ice extended for over 300 miles (54). According to a 
newspaper dispatch, the Rio Grande at San Marcial, 
N. Mex., during the latter part of December 1932, was 
blocked by ice for the second time in history (55). 

The antithesis of rain, snow, hail, and flood is drought. 
The readily remembered 9-month drought of 1930 re- 
duced the precipitations of many States to much below 
normal, Arkansas having the lowest record of all (56). 
During August and September 1933 a drought occurred 
in southwestern Kansas which caused a migration of 
thousands of jackrabbits from the parched lands to 
greener pastures. Lane and Ness Counties were swarm- 
ing with rabbits. A traveler reported that he found it 
almost impossible to drive along the country roads 
without killing them. It was here that wheat was almost 
a complete failure and crops planted in the spring did no 
better (57). 

A severe drought occurred at Springfield, Mo., during 
May and June 1911, which was almost without rain, 
breaking all records in this locality for continuous dry 
weather for that time of year. In Oklahoma, June of the 
same year was the driest month on record, causing a 
scarcity of water for stock. It was during 1911 that 
Kansas and Missouri had the hottest and driest weather 
on record for the month of June (58). In 1930 Missouri 
had the driest July in more than 60 years. The same year 
was the second driest on record in eastern Kansas. ile 
drought prevailed over the United States, Colorado had 
more rain in July than any other July except 2 in 43 
years of climatological history (59). 

During 1924 and 1925 a drought continued for over a 
year in New Mexico, and in parts of Arizona the water 
supply was the lowest ever known. These States re- 
ceived practically no snow, which is very unusual (60). At 
Oklahoma City, during August 1922, there was recorded 
the least amount of precipitation ever observed for the 
month at that station. Portions of eastern New Mexico 
had a drought that pemen through June, July, and 
August, resulting in the driest summer ever known (61). 
One of the most serious droughts in the history of the 
State of Arkansas occurred at Little Rock in 1930. It 
lasted for 107 days during which less than 1 inch of rain 
fell (62). July 1924 was the driest on record at points in 
eastern Texas and was among the driest on record at 
points in Arkansas and Louisiana (63). 
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With an average of over 27 inches of precipitation, 
Brownsville, Tex., frequently suffers long droughts. 
The longest period of drought on record was during the 
years 1893 to 1902, a period of 10 years. During that 
time rainfall did not total as much as 20 inches in any 1 
year. This drought led to the development of irrigation 
and convinced farmers of its worth (64). 

The weather during the month of December 1910 was 
the driest on record in New Mexico, while in Oklahoma 
the long-continued drought of the same year was the 
cause of the poorest stand of wheat in the history of the 
State (65). The drought of 1929 in Texas was the 
severest and longest dry period of record during the 
growing season. This drought started in the central part 
of the State about the close of May and continued 
persistently for over 3 months, during which period the 
total rainfall at Dallas was only 1 inch. ops were 
materially damaged by the continued hot, dry, and 
cloudless weather. Cotton was so poor that a second 
picking would not pay for harvesting, a condition which 
seldom occurs. This drought, however, was partially 
relieved on September 5 am 6 (66). 

In September 1925 the cotton crop was seriously 
reduced in yield from central Texas southward because 
of the lack of rain (67). Southern Texas and the north 
plains received only 50 percent, or less, of the usual 
amount of rainfall during January 1932 (68). From 
October 1851 to May 1852 only slightly more than 1 inch 
of rain fell at Albuquerque, N. Mex. At Roswell the 
continued lack of rain during June 1925 had resulted in 
lowering the flow of water from artesian wells to unpre- 
cedented levels; and where they normally flowed spon- 
taneously it became «*cessary to resort to pumping, and 
even that failed in muy wells (69). The precipitation 
was noticeably deficient at all stations in Missouri during 
March 1910. In general the total amount of rainfall was 
only about 14 percent of the normal (70). 

Lightning struck oil tanks, causing a $250,000 loss 
during a wind, rain, and electrical storm in August 1924, 
at Tulsa, Okla. A severe thunderstorm southeast of 
Dodge City, Kans., in August 1924, caused the death of 1 

erson and 5 horses. In a thunderstorm at Port Arthur, 

ex., in July 1931, lightning caused an explosion and fire 
on an oil barge, resulting in $73,000 damages and the loss 
of one life. 

Probably the most dreaded of extreme meteorological 
conditions of the Southwest is the tornado because it 
arrives with so little warning. Fortunately, this phe- 
nomenon becomes less frequent with progress westward, 
although winds of high velocity are not infrequent. 
Thus, on April 5, 1895, Amarillo experienced a northwest 
wind with a velocity of 84 miles per hour, probably one 
of the highest on record, while at El Paso on the same 
date the wind blew 78 miles per hour. Galveston seems 
to hold the record for the Gulf coast with 71 miles per 
hour, registered August 17, 1915 (71). These high winds 
are exclusive of those which occur in hurricanes and tor- 
nadoes; these are vastly more violent. 

Arizona seems to be the least affected by high winds of 
® serious nature, although a wind velocity of 58 miles per 
hour was recorded at Flagstaff one October. There was a 
rain, hail, and wind storm in August 1928 at Phoenix, 
Ariz., which caused $100,000 damage to communication 
lines and business houses. This is the only storm of con- 
sequence found recorded in that State. There is one 
interesting story, however, told of the Arizona winds and 
international relations: In April 1929 rebel bombs in- 
tended for Naco, Sonora, were apparently blown by the 
prevailing south wind over Naco, Ariz. (72). 
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Colorado has evidently had few destructive tornadoes 
compared with such States as Kansas, Arkansas, or 
Texas. The only serious one recorded for the southern 

art of this State is a tornado and hailstorm near Fowler, 
in October 1930. The path of this storm was about 880 
yards wide. Three persons were killed, and three others 
were injured. The property damage was estimated at 
$30,000 to houses, farm buildings, and equipment; three 
automobiles were totally wrecked. 

The worst tornado recorded in northern Louisiana was 
in Caddo and Bossier Parishes, May 13, 1908. The 
tornado’s path was over one-fourth mile wide, and 20 
miles long. Forty-nine lives were lost, and the property 
damage was estimated at $70,000 (73). Another destruc- 
tive tornado was that of April 4, 1923, at Pineville and 
the northern part of Alexandria, in which 14 persons were 
killed, with a property damage of $750,000 (74). 

Arkansas appears to have been visited by tornadoes 
more frequently than other of the Southwest States. 
This partial record shows how wide-spread they may be: 
34 on June 5, 1915; 28 on November 25, 1926; 25 on May 
9, 1927; and 22 on April 10, 1929. In those of April 1929, 
68 lives were lost, with a property damage of $830,000. 
During the period from 1916 to 1923, 76 tornadoes 
occurred in Arkansas. In these, 231 persons were killed, 
91 of them in 1916 alone. These 76 tornadoes resulted in 
$2,400,000 damage; and in the year 1921 the total loss 
from tornadoes was $1,500,000. In the Green Forest 
tornado of 1927, 22 persons were killed and 100 injured. 
There was a great property loss (75). In the Heber 
Springs tornado, November 25, 1926, 20 were killed, 75 
injured, and there was a property damage of $400,000. 
At Hot Springs, November 25, 1926, 10 lives were lost 
and 45 persons were injured in a tornado which was 
approximately one-fourth mile wide and 9 miles long; 
there was $300,000 property damage (76). 

Damage from winds and tornadoes in New Mexico and 
Arizona is relatively infrequent. Albuquerque seems to 
have the record for high wind in New Mexico, 63 miles 
per hour. On May 31, 1930, however, a tornado did pass 
through Wagon Mound, N. Mex. More than 40 homes 
and 8 business houses were destroyed, with a loss of 3 
lives; 20 persons were injured, and $150,000 damage done 
to property (77). Just about a year later, a tornado 
passed through French, Colfax County, 35 miles northeast 
of Wagon Mound, and on into Union County. Buildings 
were damaged, and a 3-year-old girl died of injuries 
received. The storm path was 90 miles long (78). 

The St. Louis tornado of May 27, 1896, killed 72 per- 
sons, injured 500, and caused $22,000,000 damage to 
property (79). Thirteen persons were killed in a tornado 
in southwest Missouri, March 11, 1920, and there was 
$100,000 property damage in one town alone (80). 
Twelve miles northwest of Springfield, April 10, 1922, two 
persons were killed, many injured, and $100,000 property 
damage inflicted by a tornado. During the period 1916- 
23, 57 tornadoes occurred in Missouri, resulting in the 
loss of 123 lives. The greatest number of tornadves in 1 
year was 30 in 1917. The greatest loss of life in 1 year 
was 84 in 1917. Total damage was $3,500,000. The 
greatest damage in 1 year was $1,550,000 in 1917. 

During the period 1916-23, 50 tornadoes occurred in 
Oklahoma with 144 lives lost during that period. In 1920 
alone, 64 were killed. During this 8-year period the 
property damage was $2,600,000. Demage in 1922 alone 
amounted to over $1,000,000. In June 1928 tornadoes 
accompanied by hail occurred in Oklahoma and southern 
Kansas, killing 12 persons and injuring more than 100; 
property damage was estimated at $4,500,000. In 4 
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counties around Altus, Okla., 445 houses were destroyed 
or damaged (81). 

During a 15-year period Kansas had 176 tornadoes, 
resulting in a total of 102 deaths, and total damage of 
$9,600,000 (82). The most destructive tornado in the 
history of western Kansas occurred at Great Bend, 
November 10, 1925, killing 11 and injuring more than 50; 
the property damage was estimated at $1,000,000 (83). 
Ten persons were killed and 300 injured in the Hutchinson 
tornado of May 7, 1927, which caused a property loss of 
$1,300,000 (84). Eight ‘counties in southwestern Kansas 
were swept by hail and wind storms from June 16 to June 
20, 1928, when damage to crops and buildings totaled 
$3,000, 000 (85). 

In Kansas the most damaging winds are known as “‘hot’’ 
winds. These often sweep from the South during a dry, 
hot period of summer with shade temperatures ranging 
from 100° to 110°. They cause rapid desiccation of grow- 
ing crops. High winds of early spring often cause much 
damage by blowing off the loose upper soil, especially if 
it happens to be dry. In such cases soil may be blown 
from the roots of wheat, or the plant may suffer mechani- 
cal damage by rapidly moving particles of sand carried 
by the wind. In many cases soil has been known to drift 
like snow along fences or other obstructions (86). 

There have been several tornadoes in Texas which 
have resulted in an appalling Joss of life and property. 
That near Bynum on May 6, 1930, caused the death of 
38 persons and a property loss of $2,000, 000. Seventy- 
two persons were killed and 200 injured i in the famous 
Rocksprings tornado of April 12, 1927. This storm had 
some interesting, if not unusual, features: it occurred in a 
semiarid region; it was preceded by hail of baseball size; 
it apparently had no characteristic funnel-like cloud; 
and the storm was of surpassing violence (87). In 7 
other tornadoes, there was a total loss of 70 lives. A 
hurricane visited a large area of southeast Texas from 
August 12 to 14, 1932, killing 40 people and causing a loss 
of over $7,500, 000. The terrible Galveston hurricane 
in 1900 and the recent destructive Brownsville hurricane 
are too well-known to need further attention here. 

Fortunately many of the meteorological extremes dis- 
cussed here may never be experienced again, at least not 
for generations. On the other hand, new extremes are 
certain to occur. The resourcefulness of man, however, 
can be counted upon. Walls to keep out tidal waves, rows 
of sturdy trees for windbreaks, dams to stop and store 
flood waters, widespread irrigation projects in areas sub- 
ject to drought, development of new species of plants 
better adapted to meet extremes of weather—all these and 
more will serve to mitigate the ravages of meteorological 
extremes of the future. 
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RELATION BETWEEN VISIBILITY RESTRICTIONS AND AUTO MISHAPS IN 
GREENSBORO, N. C. 


By Joun C. 
[Weather Bureau, Raleigh, N. C., December 1934] 


Careless and reckless driving, ignoring traffic rules and 
ordinances, mechanical defects in vehicles, excessive use 
of intoxicants, and numerous other reasons have been 
advanced as the chief causes of auto mishaps. 

Little consideration seems to have been given to the 
possibility that visibility restrictions are either the direct 
or indirect cause of more wrecks than is generally con- 
ceded. The old saying, ‘“‘The clearer the day the harder 
they hit’’, seems to have been almost universally accepted. 
It is the contention of the writer that many wrecks, which 
are attributed to other causes, are actually the result of 
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lack of sufficient visibility to enable the driver to obtain a 
clear, unrestricted visualization of a situation in sufficient 
time to prevent a mishap—action taken in a split-second 
frequently causes or prevents mishaps. The present 
study of the relation between visibility restrictions and 
auto mishaps in the city of Greensboro, N. C., is based on 
a 4-year record, October 1930-September 1934, inclusive. 

Figure 1 shows the frequency distribution of the periods 
of restricted visibility during the 4 years; abscissae are 
midpoints of the periods. _ In this study restricted visibil- 
ity is defined as any condition under which the visibility 
is restricted to 6 miles or less—irrespective of the cause of 
the restriction. The expected peak at 6 a.m. is undoubt- 
edly due to the “clustering”? around this hour of that 
menace to transportation —fog. 

During the period under consideration there were 2,113 
auto ore, Fa in the city of Greensboro, an average of 1 
wreck every 16.6 hours. During the periods of restricted 
visibility there was on the average of 1 wreck every 11.7 
hours. During times of unrestricted visibility the average 
was 1 wreck every 18.3 hours. The difference is even 
more striking when it is remembered that a preponderance 
of the cases of restricted visibility are centered around a 
ei nee of the day which is unquestionably one of relatively 
ittle traffic (figure 2). It therefore seems logical to as- 
sume that if the periods of restricted visibility were spread 
out more uniformly, instead of being clustered to such a 
marked extent around the hours of least traffic, then the 
difference in the numbers of wrecks during the hours of 
restricted and of unrestricted visibility would show even 
more convincingly that there are considerably more 
wrecks during times of restricted visibility. 

It is significant (fig. 2) that the wos 0 instances in 
which line B is above line A are during those times in 


which visibility restrictions are most frequent (with 
minor exceptions during later hours of the day). Line B 
comes under line A about 6:40 a. m., and this is almost 
the identical time of the very noticeable decrease in 
visibility restrictions (fig. 1). It must be admitted, 
however, that there are certain other factors in regard 
to early morning driving which are favorable to mishaps; 
motorists are likely to be in a sleepy mood during this 
period of the day and less alert and active; but it does not 
seem that any reasonable allowance for these conditions 
would be sufficient to counteract, or even affect to any 
great extent, the above comparisons. The hour in which 
the greatest number of wrecks occur (8 p. m.) is one in 
which visibility restrictions are quite frequent. 

It is admitted that this study shows no evidence of any 
relation between visibility restrictions and the secondary 
peak in line B, at 4 p.m. _ This rise at 4 p. m. is almost 
identical with the results of similar studies made in other 
cities. It has frequently been attributed to the circum- 
stance that factories, schools, business houses, and offices 
usually close about this time of the day. This period 
consequently becomes one of heavy traffic; and the school 
children and workers who cause this additional traffic 
are in such a nervous and mental state that they, whether 
motorists or pedestrians, are more likely to cause auto 
mishaps. 

Table 1 presents the number of hours of restricted 
visibility ( , and the number of auto mishaps during 
these hours (Y), for the period under consideration. 
These data give a correlation coefficient of 40.84. The 
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necessary data for a multiple correlation, with the flow 
of traffic as another variable, could not be obtained. 

The results of this study indicate that visibility re- 
strictions are the actual cause of considerably more 
wrecks in Greensboro than is generally conceded: 

(1) There is an increase of about 50 percent in the 
number of wrecks occurring during the times of restricted 
visibility as compared with periods of unrestricted _visi- 
bility (based on actual records of the Greensboro Police 
Department and the U. S. Weather Bureau) ; as shown by 
figure 2, the ratio of wrecks to traffic is much higher 
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during the hours of restricted visibility (with a few minor 


exceptions). 


(2) A surprisingly high correlation coefficient of +0.84 
exists between the number of hours of restricted visi- 
bility and wrecks during these hours. It is realized 
that the proper interpretation of a correlation coefficient 
is one of the most difficult problems in the entire field 
of statistical analysis; however, it is generally accepted 
among statisticians that ‘coefficients above 0.70 give 
almost certain evidence of correlation, and any above 
0.50 are ordinarily significant”, and the above direct 
coefficient therefore indicates an actual correlation of the 
variables. 

It therefore seems that visibility restrictions should be 
considered when studying the causes, and means of pre- 
venting, auto mishaps. It is the hope of the writer that 
this article will be of value in the fight being made by the 
press, civic clubs, and others to reduce the startling 
number of wrecks now occurring. 


DeEcEMBER 1934 
TABLE 1 
x x. x 
October 1930. 170 21 || November 1932............. 105 
November 199 26 December 314 30 
December 1930............- 147 17 § January 1063............... 86 6 
January 1931............... 109 5 || February 1933_............- 175 9 
February 1031.............. 147 80 8 
71 7 || September 1933............. 6 
September 19 3 72 3 
98 7 || November 1933............- 239 17 
November 1931............. 385 21 |} December 1933............- 296 22 
December 1931............. 222 16 January 240 13 
183 30 || February 1934.............. 243 21 
205 18 March 1034......-.......... 30 
121 7 150 10 

16 5 || September 1934............. 250 26 

September 1932............. 84 5 


WEATHER AND PEARS IN NEW YORK STATE 


By W. A. Martice 
(Weather Bureau, Washington, January 1935] 


Siny the locale of the heaviest pear production in 
New ork is concentrated in the Hudson Valley and the 
west..n lake sections, a group of stations was chosen in 
this region in order to cover the territory adequately. 
The data for the previous year’s meteorological daia 
were taken from the Climatological Data of the Weather 
Bureau and represent averages for the entire State. The 
weekly data were computed for selected stations in the 
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FiGuRE 1.—Actual and computed production of pears in New York State. 


areas of heaviest production, both regular Weather Bureau 
and cooperative stations. Sunshine data are for the 
regular Weather Bureau stations only. 

The method used in computing the final correlation 
was that developed by Kincer ' and scarcely needs further 
elaboration. The original single coefficients used in this 
study covered many phases of the weather, ranging from 
monthly mean temperatures for the State as a whole to 
weekly means of temperature, rainfall, and sunshine. 
Relative humidity was also used in the study, but no 
significant relationships were discovered. The total 


! Kincer, J. B., and Mattice, W. A. Statistical correlations of weather influence on 
crop yields. Mo. Wea. Rev., February 1928, vol. 56, p. 2. 


number of original coefficients was around 90, and out of 
this number 24 were selected as being of enough signifi- 


- cance to use. The highest single coefficient used in the 


starting process was +0.59. 

There are eight variables selected as the result of the 
trial computations, and the final multiple coefficient is 
+0.97. After the final computations of production by 
Kincer’s method, a multiple coefficient was obtained 
following the method outlined by Wallace and Snedecor.’ 
This gave the regression equation as follows: 


X=57. 95a+1. 32b+13. 74e—11. 05d+9. 35e+19. 89f 
+3.849-+1. 84h—805. 35 


where X is the estimated yield and a is the weekly aver- 
age rainfall for the week ending June 20; } is the weekly 
percent of possible sunshine for the week ending May 2; 
c is the State average rainfall for September of the pre- 
ceding year; d is the monthly State rainfall for August of 
the preceding year; e is the monthly mean temperature 
for the State as a whole for June of the preceding year; 
f is the State average rainfall for May of the preceding 
year; g is the weekly mean temperature for the week end- 
ing March 14; and h is the weekly mean temperature for 
the week ending April 18. 

Thus, the computations of production are all based on 
weather data well in advance of harvest. It is difficult 
to establish particular reasons for the significance of the 
various elements, except in a general way; for instance, 
the period of mean temperatures for the weeks of March 
14 and April 18 may have some significance as regards 
blooming or setting. The rainfall of June 20 may be 
important as regards the sizing of the fruit. The pre- 
vious year’s data probably are significant as the fruit 
buds of the following year may depend largely on the 
weather when they are forming. 

Figure 1 shows the actual and computed yields for the 
entire period, 1911-30. It will be seen readily that the 
weather is apparently a major factor as regards the 
production of pears. In the graph the last four ciphers 
of the production figures have been omitted for clarity 
in reproduction and also to facilitate computations in 
the actual work. 


2 Wallace, H. A., and Snedecor, Geo. W. Correlation and machine calculation. lowa 
State College, vol. 23, no. 35, Jan. 28, 1925. 
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PRELIMINARY REPORT ON TORNADOES IN THE UNITED STATES DURING 1934 


By R. J. Martin 
[Weather Bureau, Washington, January 28, 1935] 


In keeping with the custom of recent years, a prelim- 
inary statement of loss of life and property damage by 
windstorms is here included in the December issue of the 
Review. A final and more detailed study will appear 
in the report of the Chief of the Weather Bureau for the 
year 1934-35. Practically all the information given in 
this summary is abstracted from the monthly tables of 
‘“‘Severe Local Storms”, which are compiled from the 
reports of many observers and various section directors 
of the Bureau. While it is thought the figures given are 
oe  mrgrong correct, it must be remembered that all are 
subject to change after the final study mentioned above. 

June, with 30 (possibly 34) tornadoes, was the month 
with the greatest number of such storms; but the total 
loss of life, 4, was less than in February, May, or October. 
July, with 17 —— 19) storms, was second, while 
February and November each had 12 tornadoes. The 
greatest loss of life occurred in February, when 20 per- 
sons were killed; 12 deaths were reported in Mississippi, 
caused by the two storms of the 25th, which are des- 
cribed on page 59, February, 1934, Montaity WEATHER 
Review. Tornadoes caused the death of 8 persons 
during May, and 5 members of a C. C. C. camp were 
killed near Marysville, Mo., on the afternoon of October 
23; several other deaths were caused by tornadic winds 
during May and October, including 5 persons who were 
burned to death in Laurel County, Ky., on the night of 
October 31. 

June, with estimated tornado or tornadic wind damage 
of over $1,448,000, was also the month of greatest prop- 
erty loss. The second highest figure was $1,035,000 in 
October; over $900,000 of this was caused by the Marys- 
ville, Mo., storm (mentioned above) over a path 14 
miles long, and 300 to 400 feet wide. The July storms 
resulted in losses of more than $955,600, most of which 
occurred on the 10th, at Jacksonville, Ill., and vicinity. 

Tornadoes occurred without loss of life in March, 
April, July, and September. A child was fatally injured 
at Pensacola, Fla., on January 4, the only tornado death 


of that month. August also had one fatality; a man was 
killed in Wisconsin when his wagon was overturned 
by a tornadic wind. No tornadoes were reported in 
December. 

_ The total number of tornadoes during the year, approx- 
imately 114, was 146 less than in the preceding year, 
and the least since 1931, when the total was 94. During 
March and May of 1933, 150 tornadoes occurred; the 
total for the corresponding months of 1934 was less than 
30, even when tornadic winds and possible tornadoes 
are included. The total number of deaths resulting 
from the 1934 storms was 45, which is the least since 1931 
(when only 36 deaths were caused by tornadoes) and the 
second lowest since 1916. Other than the Missouri and 
Mississippi storms mentioned above there were no 
unusually severe tornadoes during 1934, and both of 
these have been greatly exceeded in other years. In 
March of 1925, 689 deaths resulted from a single tornado, 
while on September 29, 1927, a tornado caused property 
damage in Missouri estimated at $25,000,000. 

If further study shows the storms listed in the table of 
tornadic winds to be true tornadoes, the 1934 sums will 
be 140 tornadoes, 45 deaths, and property losses exceeding 
$5,713,300. 


TORNADOES AND PROBABLE TORNADOES 
gig 
ai\< 


Number........| 4 12 3) 13) 13 114 
Deaths......... 1 40 
Damage 2 156. 3 1, 10.6) 910) 174. , 833. 1 


TORNADIC WINDS AND POSSIBLE TORNADOES? 
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Sept. 
Nov. 
Dec 


= 
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Feb. 
July 


Number......-- 0 0 4 6 4 1 1 1 0 26 
44. 6/26. 1 925 5.5) 1 


1 In thousands of dollars. 
2 Additional damage occurred but no estimate secured. 
3 Some of these may not be classed as tornadoes in the final study. 


THE WEATHER OF 1934 IN THE UNITED STATES 


By R. J. Martin 
{Weather Bureau, Washington, D. C., January 1935] 


The widespread severe drought during the crop-growing 
season of 1934 was the outstanding feature of the year’s 
weather. It began in the Northwest early in the spring, 
spread rapidly, and by the end of May had become the 
most extensive drought in the climatological history of 
the United States. In general by that date nearly three- 
fourths of the couniry was experiencing droughty condi- 
tions, which were most severe in the Ohio, central and 
upper Mississippi Valleys, the central and northern 
Plains, most Rocky Mountain sections, and the Great 
Basin. The drought is discussed in detail in the Report 
of the Chief of the Weather Bureau for the year 1933-34. 

The year was abnormally warm nearly everywhere; 
only small areas in Michigan and North Carolina, and 
portions of New Jersey, New York, and New England 
averaged cooler than normal. The average for the entire 
year was 54.8°, giving a plus departure for the year of 
2.5°. Precipitation was decidedly below normal; the 
deficiency, for all States, was 3.7 inches. State deficien- 


cies were greatest in the Ohio Valley, and the central 
Plains States, and ranged from 11.37 inches in Ohio to 
0.04 inch in New Jersey; 14 States had deficiencies of 
more than 5 inches. Ten of the forty-two climatic 
sections were wetter than normal, with excesses ranging 
from 0.20 inch in Oregon to 5.29 inches in Maryland- 
Delaware. 

More temperature records were broken in 1934 than in 
any previous year of Weather Bureau history. For ex- 
ample, every station in Iowa established new high records 
for May except Glenwood, where the previous record was 
equaled ; on the 31st every station in the State had a maxi- 
mum of 100° or above. At many points in the interior 
valleys and the Northwest the May averages were higher 
than the June normal, and most central States reported 
one or more hottest months of record during the year. A 
few minimum temperature records (mostly seasonal) were 
broken in 1934; and some unusually cold weather occurred 
in Florida on December 12 and 13, 
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Extremes for the year were well within the previous 
records of —66° (February 1933) and 134° (July 1913). 
The lowest reported was —52° at Stillwater, N. Y., on 
February 9, with —51° noted at Vanderbilt, Mich., on 
the same date. All but 7 States had minima of zero or 
below, and in 27 States the minima were —20° or lower. 
The highest maximum reported was 125° at Greenland 
Ranch, Calif., on several days in July; Quartzsite, Ariz., 
had 124° on July 11. With the exception of Maine, New 
Hampshire, Vermont, and Rhode Island, all States had 
maxima of 100° or higher; in 12 States they exceeded 115°. 
The summer of 1934 was by far the hottest of clima- 
tological history in a large midwestern area; at many 
points the excess was nearly double that of the previous 
record. At Columbia, Mo., and Oklahoma City, Okla., 
the average July maximum was 100°, and at Topeka, 
Kans., and Fort Smith, Ark., 102°. From June to Aug- 
ust, inclusive, Des Moines, Iowa, had 22 days with maxi- 
mum temperature of 100° or higher; Columbia, Mo., 34; 
Topeka, Kans., 47; Oklahoma City, Okla., 47; and Fort 
Smith, Ark., 53. The accumulated departures for the 
year at several outstanding stations were: Amarillo, 
Tex., 1,860°; Sheridan, Wyo., 1,983°; North Platte, 
Nebr., 2,099°; Miles City, Mont., 2,068°; Huron, S. 
Dak., 2,042°; and Pocatello, Idaho, 2,168°. Despite the 
hot weather of the summer, 13 States had minima of 32° 
or lower in July, and 20 States had such minima in 
August. 
able 1 shows that for the United States as a whole 
every month was warmer than normal, with the largest 
departures in January, May, and November. In Jan- 
uary all sections were abnormally warm, with departures 
ranging from 1.4° in New England, to 11.7° over the 
northern slope (Montana, Wyoming, and western South 
Dakota and Nebraska). July and November were also 
above normal in all sections, but the departures were 
smaller. September was the nearest to normal, with a 
departure of only 0.1°. The largest negative departures 
occurred in February, mostly to east of the Mississippi 
River, and ranged from only 0.1° on the Florida Penin- 
sula to 11.4° in the lower Lake region. Extreme varia- 
bility in temperature during the year is shown by the fact 
that North Dakota had a plus departure of 11.3° for 
February. When sections, rather than stations, are con- 
sidered the last column shows that only New England was 
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cooler than normal for the year, and 7 months in that 
section were abnormally warm. 

Table 2 shows that only September and November 
averaged above normal in precipitation for the entire 
United States; November was the relatively wettest 
month, with an excess of 0.8 inch. May and July were 
the driest, with deficiencies of 0.7 inch. No month had 
above-normal precipitation in North Dakota, and 6 of 
the districts listed in the table had only 2 months with 
above-normal precipitation. The largest annual defi- 
ciency, over 9 inches, occurred in the lower Lake region. 

The spring of 1934 was the driest of record in the 
Dakotas, Minnesota, Nebraska, Iowa, and Illinois, and 
the second driest of record in Ohio, Indiana, Wisconsin, 
Missoun, and Kansas. The previous low records for 
this period were 40 percent to 70 percent greater than the 
1934 totals. Rains in June, the first part of August, and 
early in September, with the cooler weather of the latter 
half of August, relieved droughty conditions, at least 
temporarily, over considerable areas. 

During the year 1,106 stations reported at least 1 
month with no precipitation, and 76 had months with 
totals of less than 0.01 inch. The greatest monthly 
total was 35.06 inches at Wynooche Oxbow, Wash., in 
January. This total was considerably exceeded by some 
stations in Alaska and Hawa; Puohakamoa No. 2, 
Hawaii, measured 52 inches in April. Snowfall was 
variable in 1934, and was reported as far south as Georgia 
in April. California, Colorado, and Nevada had the 
least of record in March, and Maryland-Delaware had 
twice the normal that month. The total for April in 
California was only 3 percent of the normal. Three 
States had light snow in August; California had the 
heaviest September fall since 1901 over the northern and 
central Sierra Nevadas. September snows in Montana 
interrupted traffic, and in some areas remained on the 
ercund for nearly a week. New December records were 
estxblished in portions of Minnesota and Ohio, and light 
snow fell in portions of Florida in December. 

The accompanying charts based on reports from some 
200 stations show temperature and precipitation depar- 
tures in the United States for the year 1934. Floods, 
hurricanes, tornadoes, and other outstanding features of 
the year 1934 are discussed elsewhere in this issue of the 
REVIEW. 


TaBLE 1.—Monthly and annual temperature departures, 1934 


District January | February March | April May June July August — October — — || Average 
| 
+14] -107| +26] +428) -20/ 433] —0.2 
44.4] -106) -19) 443 +1.8 +40 +2.7 —1.3 +2.4 —1.5 +3.9 —.5 +.3 
South Atlantic. +3.6 —6.2 | —1.5 +.7 —1.1 +2.2 +1.5 +2.6 +.8 +2.7 ~1.0 +.5 
+3.7 —3.7 —1.5 +.8 +1.7 +1.0 +1.1 +.3 +2.5 +3.0 —.8 +.7 
+3.8 —.3 —2.6 +1.4 +.8 +3.6|) +24 +3.0 —.5 || +52 +4.4 +1.3 +1.9 
Ohio Valley and 44.5 -7.4 —2.6 | +.6 42.5 +5.0 +4.3 +1.0 +.8]| +13 +4.2 +11 
+4.0 —11.4 —2.3 | —.4 +2.9 +4.5 +3.0 —1.3 +3. 4 —1.2 +4.9 —2,8 |] +.3 
+7.6 —5.9 —3.2 —.9 +4.7 +3. 2 +1.7 —1.4 —.8 | +1.5 +5.0 —2.4 || +.8 
| 
+10.6} +11.3 +3.6 42.7 +9.6 +1.8 —4.9 +5.6 +7.4 +.3]| +44 
Upper Mississippi Valley __-..........--- +8.4 —.3 —1.8) +1.0 +7.7 +7.6 | +5.2 +1.0 —2.7 | +4.4 +6.0 —2.9 +2.8 
+8. 4 +4.2 —.2 +2.9 +8.1 +7. 2 || +8. 4 +4.7 —3.9 +5.7 +5.5 —.6 +4. 2 
+11.7 +9. 5 +54 +9, 1 +449 +2.7 —4.3 || +6. 2 +1.6 +5.0 
+7.4 +3.6 +3.0 +6. 1 +7.9 +5.5 —2.8 +6.3 +4.9 +1.8 +4.3 
+3.0 +2.8 —.2 +2.6 +2.8 +4.8 +4.0 +1.2 +6. 8 +5. 0 +3. 1 +3.3 
Southern +3.9 +5.4 +7.5 +6. 2 +5.8 —.8|| 43.0/ 426 +2.0 +4.2 +1.9 +3.2 +3.7 
+7.4 +7.9 +8.8 +7.3 +8.0 +38 +3.9 +.9 +4.1 +3.9 +2.9 +4.9 
Northern +10. 5 +9.3 +8. 0 +7.8 +6. 5 42.5 +3. 6 —.4 +4.0 +5.4 +2.4 +5.1 
+5.9 +7.0 +7.2 +6.3 44.7 +1.4 +.3 +2.0 +.9 +3. 1 +3.9 +2.3 +3.8 
Middle 43.0) 436) 47.3 444] 418 420] +16 +15] +422] +14 +3.0 
42.5 +3.5 +7.3 +5.5 44.5 —1,2 +1.2 +.2 +3. 2 +1.8 +1.6 +2.9 +2.8 
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TABLE 2.—Precipitation departures, monthly and annual, 1934 
Febru- Septem- Novem- | Decem- 
District January | “Sry March || April May June July | August a October | “Tr ee Sum 

—0.2 +0.3 —0.2 +0.6 —0.5 +0.3 —1.2 —L7 +2.1 —0.7 —0.4 —0.4 —2.0 
—-1.0 —.1 +.7 —.4 +.6 —.3 —.3 —.5 +5.1 -17 +.4 —.8 +17 
—17 —.2 +2.2 .0 —17 —.4 +.8 —.2 +.8 —10 —1.6 
—.7 +15 —.2 +15 +4.0 +2.6 +1.2 —2.5 +.9 —2.6 —.7 +3.9 
—.4 +.2 —.9 +.7 +.2 +.5 +.9 —1.9 +3.4 +.6 +.3 
+2.4 —.6 +2.1 +.5 —2.1 —2.9 —.7 —1,2 +10 —2.7 +2.3 —.2 —2.1 
Ohio Valley and —1.6 —-19 —.4 —1.7 —2.0 +.4 —.7 +.9 +1.2 —L4 +.1 —1.2 —8.3 
—.8 .0 +.2 —2.5 —12 —.8 +.5 —14 —.5 —.6 —9.4 
—.4 —.3 —.3 —18 —.8 —14 —.5 +.5 —.7 +2.5 —.4 —4.7 
—.2 —.4 —.2 —.4 —1.5 —1.2 —.7 0 —.5 —.2 —8.2 
Upper Mississippi Valley —.6 -.9 —.4 —16 —3.3 —1.2 —.4 +2.7 —-.2 +3.6 —.4 —2.3 
—.5 —.6 —.6 —1.9 -Li —2.0 +1.5 —.6 +L8 —.6 
—.5 —.3 +.1 —.3 -17 .0 —.8 —.4 +.1 —.3 —.2 —4.4 
0 +.5 —.5 -Li —15 —L9 —.8 +.5 —.7 +.7 —6.3 
—.4 —.4 +11 —-.6 —.8 —16 —1.6 —1.2 +.3 -.5 —8.3 
—-.3 —.2 —.4 —.2 +.3 —.2 —.6 .0 —.2 —.4 +.2 +.1 
—.4 +.2 —.7 —.3 —.3 +.1 —.2 +.2 —.2 .0 +.4 .0 —1.2 
—.5 —.6 —.6 +.1 —.3 —.3 +.4 +.4 —.4 —3.2 
+.5 —3.7 .0 —Lil +.3 —.9 +.2 .0 —.6 +14 +2.2 +.6 
—3.3 —2.3 —.5 .0 .0 —.4 +.3 +18 —.5 —7.2 
—.6 —.6 —.2 —.5 —.7 —.4 —.7 —.5 +.5 —.4 +.8 —3.7 


TROPICAL STORMS OF 1934 
By G. E. Dunn 


Eleven tropical disturbances were reported this year 


Monthly frequency of West Indian hurricanes and other tropical 
in the Atlantic, Caribbean Sea, and the Gulf of Mexico. 


storms of the North Atlantic Ocean in 1934 


While six of these probably reached hurricane intensity, a Not of 
urricane 
no especially intense hurricane reached the coast of the intensity | Doubtful — Total 
United States. Two storms either crossed or reached the 
Texas coast and one crossed the Louisiana coastline, all may... 0 0 1 1 
of which were barely of hurricane intensity. An exami- yyy 2100000000 0 1 0 
nation of the storm paths on the following page reveals 
some unusual tracks. Storms 2 and 5 were especially 
erratic and no. 3 started as an extratropical storm off the 
coast of South Carolina. 
Synopsis of tropical storms of 1934 (number of storm in table corresponds with number of track on accompanying chart) 
Place where first Maximum wind Lowest barometer 
Storm Date reported Coast lines crossed velocity reported reported Place of dissipation Intensity Remarks 
nee’ May 27-30_...| Southeastern Gulf of [Between Charleston, | 53-SE., Charleston__| 29.17, Savannah____- Northwestern South | Not of hurricane | Damage $155,000. 
Mexico.! 8. Oe and Savan- Carolina. ty. 
nah, Ga. 
June 4-23_.... Gulf of Honduras !_._| British Honduras | Steamship Belfast | 28.52, Jeanerette, La_| Passed beyond field | (A). 
oe mari twice) Maru, 70-SSE. of observation. 
an uisiana. 
ed July 21-25....| On South Carolina | Between Corpus | 52-S., Corpus | 29.12, Corpus Christi.| Northern Mexico-_---. Doubtful, but near | (B). 
coast.! Christi and Free- Christi. hurricane inten- 
port, Tex. Sity. 
mingo. 
| Beet Aug. 25-Sept.| Middle Gulf !___..... Mexico, north of | Steamships Clare | 29.34, steamship | Mexico_-..........--. Barely hurricane | (C). 
1. Tampico and Simon von Simon von Utrecht. intensity short 
Utrecht, hurricane. i 
Sept. 5-9__._. Eastern Bahamas !_._| Touched Cape Hat- | Hurricane force from Northern New Eng- | 
as and many ships. Watts. land. 
over jane and 
Sept. 15-21...) Short distance east Off Middle Atlantic | Not of hurricane 
Is- Selene. coast. in y. 
ands.! 
Latitude 28:40, lon- | Steamship Selene, | 29.06, steamship |North Hurricane... ........ Recurved east of 
gitude 42:20.2 Hurricane. : Selene. longitude 50. 
Oct. 3-5. Gulf of | Near Pensacola, Fla_.| 38-S., steamship Del | Northwestern Florida.| rain, Pen- 
exico.! 5 sacola. 
Oct. 19-23....| South of Jamaica !....| Eastern Near Very minor......... 
Nov. 21-28...| North of Leeward | Steamship Malacca, | 28.20, steamship 
Islands. hurricane. Malacca. 
1 Approximate place of origin. A) More complete report M. W. R., 62:202-203. June 1934 
2 al developed when first appeared in field of observation, 3} More complete report M. W. R., 62:251. July 1934. 
C) More complete report M. W. R., 62:344. September 1934, 
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C. Taman, in charge of Library 


RECENT ADDITIONS 


The following have been selected from among the titles 
of books recently received as representing those most 
likely to be useful to Weather Bureau officials in their 
meteorological work and studies: 

American national red cross 


Hurricane disasters of August and September 1933. Wash- 
ington. 1934. 41 p. illus. tables. 23 cm. 
Hettner, Alfred 
Vergleichende Landerkunde. Leipzig und Berlin, B. G. 
Teubner, 1933-34. Band III. ‘‘Die Gewisser des Fest- 
landes. Die Klimate der Erde.’’ illus. (incl. maps), diagrs. 
23% cm. 
Ridgley, Douglas Clay 
Rainfall of the earth. Bloomington, Ill., McKnight & 
McKnight, 1933. 47p. illus. 19%cm. (Important topics 
in geography.) 
Shaw, Sir William Napier 
The drama of weather. New York, The Macmillan com- 
pany; Cambridge, England, The University press, 1933. 
xiv, 269 p. front., illus. (incl. charts), diagrs. 21 cm. 
Printed in Great Britain. 


Smythe, Francis Sydney 
Climbs and ski runs; mountaineering and skiing in the Alps, 
Great Britain and Corsica, with a foreword by Geoffrey 
Winthrop Young. Edinburgh and London, W. Dieskwoet 
& sons, Itd., 1933. xx, 307 p. front., plates (1 fold.) 
22 em. ‘‘First printed October 1929 ... reprinted August 


Commission météorologique 
Bulletin de la Commission météorologique du département de 
la Somme [France]. Année 1923-32. Amiens. 1924-33. 
Tannehill, Ivan Ray 
The hurricane. Washington, U. 8. Government printing 
office, 1934. 14 p. maps, diagrs. 28 cm. (U. 8. Dept. 
of agriculture. Miscellaneous publication no. 197.) Con- 
tribution from Weather bureau. 
U. S. Lake survey 
Bulletin no. 43. Survey of northern and northwestern lakes. 
Detroit, U. 8. Lake survey office, 1934. 482 p. fold. tables. 
25% cm. 
U. 8S. Weather bureau 
Weather code for West Indian stations. 1934. Washington, 
D. C. Weather bureau. 1934. 11 p. tables. 29% cm. 
(Mimeographed.) 
U. S. Weather bureau 
Weather code for West Indian and Caribbean Sea observers. 
Washington, D.C. 1917. 32p. 29% cm. 


SOLAR OBSERVATIONS 


SOLAR RADIATION MEASUREMENTS DURING 
DECEMBER 1934 


By Irvine F. Hanp, Assistant in Solar Radiation Investigations 


For a description of instruments employed and their 
exposures, the reader is referred to the January 1932 
REVIEW, page 26. 

Table 1 shows that solar radiation intensities at normal 
incidence averaged above normal for December at Wash- 
ington and Madison, and close to normal at Lincoln. 

Table 2 shows an excess in the total solar and sky 
radiation received on a horizontal surface at Chicago, 
New York, Twin Falls, Miami, and New Orleans, and a 
deficiency at all other stations for which normals have 
been computed. A marked excess of radiation for the 
year was received at all stations with the exception of 
Pittsburgh, which was close to normal, and Madison and 
Miami, both of which were considerably below normal. 

The December turbidity measurements at Washington 
are noteworthy because of the large water-vapor content 
on all clear days except the 12th. 

Polarization measurements obtained at 5 days at 
Washington give a mean of 54 percent with a maximum 
of 64 percent on the 5th. Both of these values are close 
to their respective December normals. No polarization 
readings were made at Madison owing to continuous 
snow and ice coverage. 


TaBLeE 1.—Solar radiation intensities during December 1934 
|Gram-calories per minute per square centimeter of normal surface] 
WASHINGTON, D. C. 
| Sun’s zenith distance 
8a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 


Date 75th Air mass soon 
solar 
time A.M. P.M. rad 

e | 5.0 | 40 | 30 | 20 |*10) 2.0 4.0 | 5.0 e 

mm | cal. | cal. | cal. | cal. | cal. | cal cal. 

2.36; 0.92; 0.98) 1.05) 1. 1.01) 2.36 
+. 09) +.08) +.01) +. +. 16] +. 15] +. 


TABLE 1.—Solar radiation intensities during December 1934—Con. 


{Gram-calories per minute per square centimeter of normal surface] 
MADISON, WIS. 


Sun’s zenith distance 


60.0° 


8a. m. | 78.7° | 75.7° 


79.7° | 75.7° | 78.7° | Noon 


70.7° 60.0° | 0.0° 
Air mass Local 


Date 75th 


1,29) 1.19} 1.08) 2.87 

1,21; 1.04) .97) 2.62 

1. 

1. 1. 95) 5.16 

BLUE HILL, MASS. 

3.5 

2.2 

6.5 

1. 42 2.3 

1.32 11 

1, 42) 1.1 

1.36 1.0 

1, 42 1.3 

1, 44 2.1 

1, 45 1.0 

1. 40) 1.3 

1. 28 2.6 

1, 42 -6 

1, 45 1.1 

1. 46 of 

1, 1.24) (.95)| (.92)/--.--- 
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time A.M. _| time | 
e 5.0 | 4.0 | 3.0 | 20 |*1.0;) 20 | 30 | 40 | 5.0 e i 3] 

mm | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | mm Bs 

| LINCOLN, NEBR. i 

2.261... 
Dec. 19........| 1.96} 1.13 
Dec. 20........| 3.81] .81 
Dec. 26........| .48} .92 
Dec. 27........| 23 .@ 
| 
Departures..|.......| +.01 | 
3.2) 1.00 | 
1,3)-.----| 
Dec. 27.......- 1.18) 
Deo. 30.......- 1.0) 1.06 
1.0) 1.12 | ot 
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TABLE 2.—Average daily totals of solar radiation (direct+diffuse) received on a horizontal surface 
Gram-calories per square centimeter 
Week beginning— Weak 
ash- : ew Pitts- Fair- Twin New River- Blue Frida 

ington |Madison| Lincoln | Chicago} yor, | Fresno | porch | banks | Falls | Miami | oreans| side Hill | Harbor 

1934 s cal. cal. cal cal. cal. cal. cal, cal. eal. cal cal cal cal 
Dec. 3 160 126 169 67 164 218 52 3 129 299 209 210 197 122 
Dee. 1 137 119 134 91 144 gg Ae 4 164 368 270 136 182 44 
Dec. 1 87 92 166 145 80 i | ie ll 147 254 223 254 134 44 
136 105 146 87 128 Pi gnicgssse 10 129 286 154 224 158 72 

Departures from weekly normals 

Accumulated departures on— 
+1, 668 | —3,461 | +5, 363 |.........- +14, 242 | +8, 481 +358 
Percentage departures at end of year 
+1.3 —2.9 +14.8 +5.2 +0.3 +0.3 +4.4 —4.7 
18-day mean. 


TaBLE 3.—Total, I,, and screened, I,, I,, solar radiation intensity measurements, obtained during December 1934, and determinations of 
the atmospheric turbidity factor, 8, and water-vapor content, w=depth in millimeters, if precipitated 


AMERICAN UNIVERSITY, WASHINGTON, D. C. 


Tomo 
1.94 1.94 
Date and hour angle Ra Air mass le I, I, BI m-+ Biya Bmean w Air-mass type 
Percentage of solar 
constant 
Dec. 5, 1934 m gr.cal. | gr.cal. | gr. cal. m 
GBB BR nicenciccivichtauentaiedenaedl 27 30 2. 16 1,354 0. 976 0. 0. 026 0. 020 0. 023 79.8 12.0 15.8 | Nrpor Neo 

20 34 2. 82 1. 057 661 066 . 069 62.7 10.0 5.1] Pe 
21 24 2.72 1. 042 661 078 . 076 61.7 9.8 5.0 
20 47 2. 99 1, 135 849 675 035 025 72,4 Po 
2.75 1. 153 852 . 676 . 032 O18 025 74.0 
27 & 2.16 1. 292 - 932 - 757 . 088 . 084 . 036 76.0 11.7 14.2 
27 35 2.15 1, 294 922 757 087 085 . 036 76. 1 10.7 9.3 
14 16 4.00 . 859 . 681 . 563 66 . 050 . 058 57.4 14.7 24.91) Pe 
14 48 3. 86 . 859 . 681 . 563 . 068 . 056 . 062 57.4 14.7 25 8 
19 05 3. 03 . 999 . 778 . 654 . 084 . 068 . 076 58.7 9.3 2.6 
19 46 2. 94 1. 034 . 780 . 656 . 070 . 670 . 070 61.4 9.8 4.6 
21 20 2.74 1. 043 792 637 . 064 . 038 051 66. 6 
21 41 2. 69 1.070 638 . 044 . 040 . 042 69.8 

| 
17 50 3. 24 1, 186 881 . 728 - 022 . 024 . 023 72. 4 13. 2 16.4 Pe 
26 46 2, 21 1, 195 877 . 701 . 048 . 023 036 74.0 
26 «(+55 2. 20 1, 168 . 879 . 793 . 068 024 . 046 73.0 


Atmospheric conditions during turbidity measurements 


Dec. 5: Temperature, 2° C; wind, NW. 12; visibility, 50 miles; 2 
Dec. 12: Temperature, —5° C.; wind, NW. 14; visibility, 12 miles; 


arization, 64 percent; blueness of sky, 6. 
polarization, 42 percent; blueness of sky, 4. 


Dec. 14: Temperature, 0° C.; wind, NW. 15; visibility, 20 miles; polarization, 57 percent; blueness of sky, 5. 
Dec. 15: Temperature, —1° C.; wind, NW. 10; visibility, 20 miles; polarization, 55 percent; blueness of sky, 5. 
Dec. 18: Temperature, 0° C.; wind, NW. 8; visibility, 30 miles; polarization, 54 percent; blueness of sky, 5, 
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TaBLe 3.—Toial, I,,, and screened, I,, I,, solar radiation intensity measurements, obtained during December 1934, and determinations of At 
the atmospheric turbidity factor, 8, and water-vapor content, w==depth in millimeters, if precipitated—Continued 
Tu-o-Im 2 
Date and h le f Sol 
altitude |Airmass} In ly I, Bim-+ | Bty-r | Bmeon w Air-mass type 
Percentage of solar pw 
constant D 
2; 0: 
Dec. 2, 1984 ee m gr.cal. | gr.cal. | gr. cal. mm 2; 2: 
25 24 2.30 1. 174 0. 870 0. 721 0. 076 0. 086 0. 081 68.9 5.1 1.1] Ne, Tc aloft. 3; 3: 
25 43 2. 30 .710 062 68.7 9.1 6.9 | Ne, Tc aloft. 
8: 
2.92 887 680 579 . 102 148 125 50.3 5.9 1.5 | Nec, Tc aloft 5; 3: 
§; 1: 
3. 86 1. 097 844 . 704 049 . 050 . 050 61.0 6.6 1.3] Po 5; 0: 
2. 60 1. 295 . 951 780 036 . 038 . 037 72.1 7.3 2.9 5; i: 
2. 52 1.310 1.014 . 793 047 . 046 . 046 70.3 4.7 2.6 8; 1: 
2. 33 1. 360 987 .810 036 . 054 . 045 72.2 4.1 2.6 9; 0: 
2.33 1. 370 997 . 815 033 . 054 . 044 72.5 3.9 2.4) P. 9; 2: 
2.81 1, 257 930 . 763 . 033 . 033 . 033 71.8 8.9 5.2 1]; 
12; 
2.37 1, 271 947 . 783 . 058 061 . 060 68.5 4.9 
12 | 
2.54 1. 347 1. 010 - 835 045 . 049 047 70.0 2.9 2.2 14; | 
2. 36 1. 380 1. 032 . 866 052 . 050 051 70.5 1.5 1.31 Pe 14; | 
2. 36 1.371 1.015 851 049 . 064 056 70.3 1.7 1.5] Pe 15; : 
18; 
3. 43 1. 186 901 .771 049 063 056 61.1 1.8 1.1] 18; 
2. 42 1.312 971 811 . 050 065 058 68.5 2.9 11 18; | 
2. 40 1.317 983 . 806 . 048 046 047 70.7 4.5 2.2 4 
20; | 
2.38 1. 401 1. 035 842 030 025 71.2 6.2 3.0 20; | 
2. 39 1.391 1.017 851 037 062 050 70. 6 1.1 1.3 | Po; Nee aloft 24; | 
2. 68 1. 330 819 037 044 040 70.6 3.1 2.0 a : 
27: 
3. 16 1. 266 974 834 . 054 . 058 . 056 67.3 3.6 1.6] Pe 30; | 
2. 80 1.313 . 996 . 047 051 . 049 67.6 2.0 1.9 30; | 
2. 53 1.349 . 992 821 . 043 049 . 046 71.2 3.8 24 30; : 
2. 45 1, 368 . 998 . 033 044 . 038 74.1 5.7 2.7 of 
3.79 1. 266 . 976 . 833 . 035 045 . 040 63. 6 3.2 11] Pe it 
3.35 1.313 996 838 . 028 039 . 044 65.0 1.1 
2.41 1.373 1. 006 . 836 . 034 051 . 042 72.5 3.9 2.4 dire 
2.41 1. 360 . 999 . 827 . 040 054 . 047 70.7 2.7 2.2 
3. 06 1. 240 . 957 . 788 . 068 031 . 050 68. 0 3.0 1.8] Pe 
[Co 
4, 28 1. 237 . 960 808 26 029 . 028 67.1 5.4 1.7] Pe Oo 
3.61 1. 280 . 970 805 . 023 022 . 022 70.3 6.4 2.0 H 
2. 90 1. 369 994 fr 
2.41 1. 363 995 813 035 027 031 75.4 7.4 3.1 ec 
2.42 1. 366 998 810 030 032 031 75.3 2:2 2.2 SI 
15 24 3.72 1. 200 923 779 . 044 047 . 046 62.1 2.3 1.9] Pe 
17 42 3. 26 1. 255 946 789 . 037 045 . 041 66. 3 3.7 1.8 
24 00 2.45 1. 384 1, 002 829 . 030 048 . 039 72.9 4.1 2.6 
24 25 2. 41 1.379 998 814 . 027 033 . 030 75.3 6.6 2.6 
20 21 2. 86 1, 283 948 778 . 028 040 . 034 71.0 aa 2.6] Pe 
14 33 3.94 1.171 898 762 043 .050 046 61.2 2.8 1.4] Pe 
16 57 3.41 1. 220 937 789 . 042 . 038 040 65.7 4.8 2.0 
2B 32 2. 50 1. 384 1.019 831 . 030 . 032 031 74.5 5.5 2.7 Nov 
2B 2. 40 1. 384 1.019 831 . 087 035 036 73.1 4.1 251] Pe 
Dec. $1, 1984 Nov 
14 31 3.04 1, 273 827 027 028 028 61.7 3.2 Pe Nov 
17 12 3.35 1, 328 1.012 . 855 . 053 7 . 055 67.0 1.8 1.5 Nov 
| EES: SRR 22 32 2. 60 1, 409 1, 030 . 855 .027 040 . 034 73.0 2.8 2.0 Nov 
2 26 2.41 1.414 1, 047 863 . 036 037 036 75.0 45 2.7 Nov 
SS NE 24 40 2. 38 1, 424 1. 050 . 870 . 035 043 . 039 73.4 2.4 2.1 Nov 
20 34 2.82 828 73.1 5.9 2.1| Pe 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Mes 
ar 


~ 
od 
30 
. 
— 


‘DecemBer 1934 MONTHLY WEATHER REVIEW . 461 


Atmospheric conditions during solar radiation measurements, Blue POSITIONS AND AREAS OF SUN SPOTS—Continued 
Hill Meteorological Observatory of Harvard University 
Heliographic Area 
time from | tem- | | visipaity; | SkY ‘stand. ‘ren 
e from - ity; stand- 
apparent pera- seale, 0-16 Clouds and remarks Date ard | Diff.in Longi-| Lati- | Observatory 
noon ure - 
time eo P tude | tude pot roup day 
December |' 
1984 1934 h i 
2;0:45a.m.| 6.7] W5....... 9 | 4 Cu, Freu, Steu. 12 40 | +40.0| 239.2 | —28.0 Mount Wilson. 
€91 W6...... 6 | Few Ci, Cist; 2 Freu, Cu. +65.0 | 264.2 | —20.0 Do. 
3; 3:34.a. m..|—16.1 | NW 2____- 7 | 3 Ci, Few Acu. +80.0 | 279.2 | —20.0 58 
4;1:30p.m..| 5.0 | NWxW 5 | 2 Acu, 1 Cu; moist haze. Dec. 11 26 | +54.0] 240.7 | —27.5 77 77 | U. 8. Naval. 
4; 3:09 p. m_ 8.3 0. ~ 45 9 Few Ci, 2 Aecu, 1 Cu; It. hz. Dee. 3..-..-| 14 25 | +65.0| 236.9 | —28.0 |.-.-.-. 210 210 | Mount Wilson. 
Clouds 6° from sun. 11 39 | +79.0} 239.2 | —27.0 |------- 93 93 } U. S. Naval. 
5; 3:10a.m_.| 2.1) WNW 6-_-) 9.......... 9| Few <Acu, few Freu. Mount Dee. 5.-----| 11 14 Do. 
Monadnock completely visible. Oe ee 11 38 | +53.0| 186.9 | —23.0 |_..-..-. 131 131 Do. 
8.31 WH 10 | Few Cu, Freu. 11 22] +66.0| 186.9 | —23.0 147 147 Do 
1Cu, > Dee. 8. 11 58 | +78.0| 185.3 | —23.0 108 108 Do 
5; 2:51p.m..| 42] WNW 9.......... 6|1Cu. Dee. 11---..- ll 15 Do 
8; 1:41 a. m_./—12.9 | NW 8.....-...- 7 | 1 Ci, Cist ll Do 
9; 0:23 a. 9 6 | 6 Ci, Cist Dee. 13. ll 30 Do. 
9; 2:39 p. 9 8 | Few Cist Dee. 14___-- ll 16 cas cos 
11; 2:28 a. 8 Few Stcu; moderate haze Dee. 15. ll 15 Do. 
11; 0:07 a. Light haze. Dee. 16_._-- ll 15 EER SEAGER Mount Wilson. 
12; 3:18 a. Few Ci. It. haze to 3° alt. We We 12 0 wae Sos Do. 
12; 0:17 a. Lt. haze to 3° alt. Dee. 11 30 U.S. Naval. 
12; 1:19 p. Lt. haze to 3° alt. Dee. 19. 10 35 Mount Wilson. 
12; 3:20 p. 3 Ci. in west. Dee. 20. __.- 0} —41.0| 268.7 Do. 
14; 2:18 a. Lt. haze. +35.0 | 344.7 | +18.0 |.._-.-- 4 102 
14; 1:08 a. 2 Ci, Cicu; light haze Dee. 21....-] 11 40 | —25.0} 271.2 | +26.0 |....--- 62 62 | U.S. Naval. 
15; 2:47 a. Few t, Freu. Dec. 22...-- 12 248.8) —23.0 Do. 
15; 0:10 a. Cist. 5° of sun; It. haze. —15.5 | 267.3 | +26.0 pg eS, REST GOR 
18; 2:56 a. 0 clouds. —11.0 | 271.8 | +26.5 |_..---- 77 123 
18; 1:26 a. 0 clouds. Dee. 23....- 11 40 | —50.0} 219.9 | —26.0 Do. 
18; 0:09 a. 0 clouds. —21.0 248.9 | —23.0 
18; 2:39 p. Few Ci, Cist; It. haze. +0.5 | 270.4 | +26.0 |.._..-. 62 155 
20; 2:19 a. 6 Steu, Frcu. Heavy water haze. Des 10 30| —73.0| 184.3 | —22.0 Mount Wilson. 
20; 0:27 a. 5 Cu, Freu. —55.0 | 202.3 | —29.0 § 
20; 3:54 p. FewCu. - —39.0 218.3 | —26.0 
24; 2:34 a. 2 Cist, Cicu; heavy water haze.! —14.0| 243.3 | —27.0 |....--. >? ae 
27: 2:33 a. 0 clouds; light haze. —9.0| 248.3| 
27; 0:32 a. m 3 Few Ci. on horizon. +10.5 | 267.8 | +25.0 |......- 84 134 
27; 1:51 p. m : Few Ci. Dec. 25....- 11 38 | —40.0] 203.6 | —29.0 U. 8. Naval. 
30; 2:37 a. m_|—12.8 | WxN 6 | Few Frcu; no haze —23.0 220.6 | —25.5 
30; 0:36 a. m_|—10.0 | WNW 7-_-| 8-9_-...-.- 6 | Few Cu; no haze +28.0 | 271.6 | +27.0 | eee 162 
20; 3:31 p. m.| —7.8 | NW 9.........- 6 | Few Ci; no haze. Dee. 26....- 13 —59.0} 170.1 | —23.0 Do. 
31; 2:27 a. m_|—10.3 | WNW 6_-_| 4 | 0 Clouds; light haze. —28.0} 201.1 | —29.5 
$1; 0:21 a. m_| —5.6 | NW ds; light haze. +40.5 | 269.6 | +28.0 263 
Dec. 27. ll 2) —47.0| 170.6 | —23.0 Do. 
—16.0 | 201.6 | —30.0 
! From this date, on blue sky observations made with comparison card shielded from +52.0| 269.6 | +28.0 Es 217 
direct rays of the sun. Dee. 28. 13 41 171. Do. 
POSITIONS AND AREAS OF SUN SPOTS +66.0 | 268.9 | +28.0 1h ties: 207 
Dec. 29...-- 13 4] —23.0; 167.1 | —27.0 Do. 
[Communicated by Capt. J. F. Hellweg, U. S. Navy, Superintendent U. S. Naval —15.0 175.1 | —22.0 
Observatory. Data furnished by the U. S. Naval way ag | in cooperation with +15.0 | 205.1 | —29.5 WO fenndencslocnconee 
Harvard and Mount Wilson Observatories. The difference in longitude is measured +27.0 | 217.1 | —28.5 |.-..--- 131 
from the central meridian, positive west. The north latitude is positive. Areasare Dec. 30..--- 13 40.5] 177.5 | Mount Wilson. 
corrected for foreshortening and are expressed in millionths of the sun’s visible hemi- +28.0} 205.0 | —30.0 |-..---- a 
sphere. The total area for each day includes spots and groups] +40.0 | 217.0 | —29.0 |...-..- 44 213 
Dee. 31. 12 50} +15.0| 178.9 | —22.0 Do 
+54.0 217.9 | —28.0 ll 79 
stand- 
time ngi- Po’ roup area 
tude tude | tude day days. 
1934 hm be 
Nev. B 8 141.3 = U. 8. Naval. PROVISIONAL SUN-SPOT RELATIVE NUMBERS FOR 
12 = 163. 0. 
Nov. 5 am 1 18 =18 5 164.2 +20 POI oo 69 Do. (Dependent alone on observations at Zurich and its station at Arosa) 
11 18] +110] 167.3} +220 35 Do. [Data furnished through the courtesy Eidgen. Sternwarte, Zurich, 
14 22] +26.0| 167.4 | +22.0 31 Do. 
Nov. l1___-- 14 4] +65.0| 167.1 | +22.0 10 | U. 8. Naval. Decem Relative || December 1 Relative || 1934 | Relative 
Nov. 12...-- 8 Do. ber 1934 numbers ber 1934 numbers numbers 
Nov. ll 21 Do. 4 14 |} 14 0 || 24 a27 
OV. 23..... ll ount Wilson. 
Nov. 24-111 14 U. 8. Naval 10 | 0 | 39 
Nov. 12 —1.0] 264.1 | 16 16 | Mount Wilson. ll 0 a34 
Nov. 27... 18 30 $29 9 0 || 19 29 32 
Nov. 28...-- 12 50| +23.0} 261.7] 20 Do a37 
+39.0 | 277.7 210 230 
Nov. 29... 12 15] +140 68 Do. 31 30 
+652.0| 277.8 116 189 
Nov. 30... -- 12 10] +28.0; 240.6 Do. 
{51.0 ¢ Mean: 27 days= 16.2. 
Mean daily a= P of an average-sized group through the central meridian. Ss 
area fer c= New formation of a center of activity; E, on the eastern part of the sun’s disk; ras 
53 W, on the western part; M, in the central circle zone. 
%, 
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AEROLOGICAL OBSERVATIONS 


[Aerological Division, D. M. Lire, in charge] 


By L. T. 


Free-air temperatures during December averaged low- 
est over the northeastern section of the country, and 
highest over the extreme southern stations (see table 1). 
Departures from normal at those stations having a 
sufliciently long record for the determination of normals 
were negative with the exception of Omaha and Pearl 
Harbor where positive departures occurred. In all cases 
the temperature departures were of small to moderate 
magnitude. 


SAMUELS 


Free-air relative humidities averaged highest over the 
northwestern and northeastern parts of the country, and 
lowest over the extreme south, with a secondary minimum 
over the middle Pacific coast. 

Free-air wind resultants were close to normal in direc- 
tion. They were below normal in velocity over most 
northern stations, and above normal over the southern 
stations. 


Tasie 1.—Free-air temperatures and relative humidities obtained by airplanes during December 1934 
TEMPERATURE (° C.) 


Altitude (meters) m. s. 1. 
Surface 500 1,000 1,500 2,000 2,500 3,000 4,000 5,000 
Stations 
ture ure ure ure ure ure ure ure ture 
Mean om Mean om Mean irom Mean from Mean fromm Mean from Mean from Mean from Mean from 
{normal normal n normal normal normal jnormal 
Mitchel Field (Hempstead, L. L.), N. 
3.7 | —0.7 3.7 | —0.3 1.9] —0.7 0.8 | —0.9 | —0.4) —1.1) —2.3 —1.1] —9.8] —12 
Omaha, Nebr.! (300 —5.4| -—3.7| —0.8 | —1.0 | +16 3 1.7 | —4.5 | +1.8 | —6.9 | +1.8 |—11.9 | +2.0 |-18.1) +13 
Pearl Harbor, Territory of Hawaii‘ (6m)_..| 21.6 | —2.7| 21.2} 40.5] 17.8} 408] 404] 13.0/406/ 11.3 .8 8.7 | +0.4 3.3 | 40.4 
5.0 | —5.5 6.9 | —3.8 6.2 | —3.9 6.6 | —2.4 6.2) 46/ 2.5) —2.1 | —0.6| —7.5 —0.3 
10.7 | —2.1 13.7 | +0.4|12.5 |-0.1 9.7) —0.8 7.0) —1.4 4.2) —1.7 1.5 | —1.9 | —1.7 |—10.2 —1.6 
Scott Field (Belleville), (135 —3.4 —0.6 —2.6 |....--- —4.6 |....... —10. 5 |....... 
Selfridge Field (Mount Clemens), Mich.’ 

Washington, D. C.‘ (13 1.1] —0.4 1.0) —0.7| —0.7| —1.4]) —2.2) -3.3 | —12/ —6.5 —1.5 |—10.6 | —1.3 |-15.7| -—1.3 

RELATIVE HUMIDITY (PERCENT) 

Mitchel Field (Hempstead, L. I.), N. 

70 -1 61 56 —2 51 0 45 +1 43 0 43 +1 40 0 33 0 
87 (6) 84 75 +12 61 +4 57 +2 54 —2 52 —5 51 —6 49 —8 
Pearl Harbor, Territory of Hawaii ‘ (6 m) __- 84} +11 80 +4 80 +3 7 +5 68 +5 60 54 +8 48 +8 43 +s 
72) ‘—10 61} —13 —12 43) —16 34} —19 32} —19 31} —18 27} —13 25 —13 
San Diego, 82; +15 66 +s 57 54] +12 53 | +17 47| +15 44) +15 43) +16 40 +17 
Selfridge Field (Mount Clemens), Mich.* 

Washington, 69 62 59 0 55 0 4s —2 41 39 —4 37 35 -5 


Observations taken about 5 a. m., 75th meridian time, except along the Pacific coast and Hawaii pts they are taken at daylight. 


1 Weather Bureau. 2 Massachusetts Institute of Technology 


Army. 4‘ Nav 
€ Surface and *90-meter level departures omitted because of difference in time of de day between anne Sinervetiogs and those of kites upon which the 


5 National Guard. 
normals are based. 
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LATE REPORTS FOR NOVEMBER 1934 
TEMPERATURE (°C.) 


Altitude (meters) m. s. 1. 


Surface 500 1,000 1,500 2,000 2,500 3,000 4,000 5,000 
Stations 
ure ure ure ure ure ure ure ure ture 
Mean | trom | Mean! from | Mean) trom | from | Mean) trom | trom | Mean} trom | trom | Mean! trom 
normal normal normal normal normal mal normal normal normal 


Pearl Harbor, Territory of Hawaii (6 22.5 | —3.2} 21.9|+02/] 186] +08 


15.3 | +0.2] 13.9) +408) 12.2] +1.0 9.8 | +0.8 4.0} +0.7| —0.6) +0.7 


RELATIVE HUMIDITY (PERCENT) 


Pearl Harbor, Territory of Hawaii (6 m)-_..- 84) +15 81 +7 82 +4 


82 +9 73 +8 64 +9 58} +12 50} +12 47 +12 


TABLE 2.—Free-air resultant winds (meters per second) based on pilot-balloon observations made near 7 a.m. (E.S. T.) during December 1934 
[Wind from N=360°, E=90°, etc.] 


Albuquer- Atlante Bismarck, Browns- Burlinet Cheyenne, Chi Cleveland, Dallas, Havre, Jackson- Key West 
que, N, Mex ’ N. Dak. |] ville, Tex. || .atngton. yo. cago, Ohio Tex. Mont. ville, Fla Fee 
1554 m) "|| Ga. (800m) my || Vt (132m) |} |] || (762 || Fla. (11 m) 
isle] gle 
als i als als i als 
° ° ° ° ° ° 
Surface........... 355} 314] 313] 1.11) 321] 223] 281] 277] 234] 1.811 14] 0.11] 253] 30] 321] 26 
314 156 | 3.8 2004+ BS 284 3.7 235 | 4.6 256 308 2.8 82 3.7 
285} 6.0 295 7.5 161 3.0 287 4.6 246 6.4 286 | 6.6 262 5.6 260 5.1 116 3.2 
293 | 8.0 296 | 8.6 211 2.9 281 5.9 250; 8.1 300 | 7.7 281 | 10.0 267 7.0 113 1.3 
320 2.3 285 | 10.3 204 | 12.4 230} 3.7 301 | 10.0 282 7.6 270 5.2 255 | 8.8 302; 288; 9.3 271 9.6 213 0.6 
i nesses cecal 294 4.3 274 | 12.7 300 | 11.8 264 4.4 300 | 12.3 285 | 13.7 292; 9.3 271 | 10.0 294 | 10.9 294 | 10.5 277 | 11.0 250 17 
Seer 287 7.3 262 | 13.4 293 | 13.2 283 5.8 293 | 12.0 288 | 13.0 312) 9<.6 279 7.6 288 | 13.0 291 | 11.8 273 | 12.5 227 2.3 
278} 8.2 300 | 12.9 280 | 10.2 || 13.5 |} 296 | 11.3 3.8 
Los An- || Medford, || Memphis, || New Or- |} Oakland, || Oklahoma || Omaha, | Phoenix,-|| Salt Lake || S4ut Ste. |’ Seattie, || Washing- 
geles, C Tenn leans, ali City, Okla. Nebr. Ariz City, Utah Mich ash. ton, D. C 
(217 m) (410 m) (83 m) (19 m) (8 m) (402 m) (306 m) (338 m) 1,294 m) (198 m) (14 m) (10 m) 
Altitude (m) 
m. s. |. a a a a a a a a 
slel slel sle >i sSlel 
° ° ° c ° ° ° ° 
6| 183] 271) 14] 68] oof 293] 343] 181 87] 161 16! 196] 321) 305) 16 
39 1.5 246} 0.2 264) 3.4 331 11 23 4.7 286 2.2 312 2.4 6 1.2 208 | 6.7 305 5.7 
59 2.2 170 2.8 264) 6.3 290; 40 10 5.4 296 | 6.2 298 5.5 88 301 3.2 220 6.1 311 6.8 
FRET RY: 59 2.1 205 3.3 284 7.4 283 5.5 354 41 290 | 7.4 288 6.4 122} 2.6 188 2.7 316 4.9 232 7.0 309 9.5 
41 1.2 229 2.9 287 9.0 281 7.3 357 5.6 236 9.4 282; 8.8 197 0.8 205 | 2.3 309 | 6.6 242) 9.3 304 11.3 
_t SQ eee 4 2.8 253 3.4 286 | 11.9 279 | 8.3 359 7.3 286 | 10.3 285 | 10.2 213 1.5 241 3.3 316 | 6.6 231 8.7 303 12.5 
345] 275] 3.9]| 272] 341| 278| 278| 7.9]] 270| 255| 348| 243| 10.5). 


AEROLOGICAL OBSERVATIONS FOR THE YEAR 1934 


[Aerological Division, D. M. Littix in charge) 


By L. T. 


In July the number of airplane weather observation 
stations was materially increased in consequence of the 
pr gona program of the Navy and War Departments 
and the Weather Bureau. A total of 24 such stations, 
including 1 at Boston operated by the Massachusetts 
Institute of Technology and 1 at Toronto operated by the 
Canadian Meteorological Service, were making observa- 
tions at the end of 1934. The total number of pilot- 
balloon stations in operation by the Weather Bureau at 
the end of 1934 was 76, an increase of 2 over the previous 
year. 


Only those stations having a year’s record are included 
in table 1. Free-air temperatures averaged mostly above 
normal except at the stations along the Gulf and eastern 
seaboard, where negative departures occurred. Free-air 
relative humidities averaged above normal except at 
Omaha and Seattle, where they averaged below normal. 

During the International month of January, the 
Weather Bureau released 46 sounding balloons at Omaha, 
Nebr. Ninety-six percent, i. e., 44, of the meteoro- 
graphs were found and returned. 
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TABLE 1.—Free-air temperatures and relative humidities obtained by airplanes during the year 1934 ST. 
TEMPERATURE (°C.) 


Altitude (meters) m. s. 1. 
Surface 500 1,000 1,500 2,000 2,500 3,000 4,000 5,000 Tar 
Stations Pro 
Depar- Depar- Depar- Depar- Depar- Depar- Depar- Depar- Depar ha 
ture ture ture ture ture ture ture ture ture 
Mean from Mean from Mean from Mean from Mean from Mean from Mean from Mean from Mean from 
normal normal normal normal normal normal normal normal normal 
Omaha, Nebr.? (300 7.9] 94] @ | 108/428] 97/431] 76/432] 48/430] 1.8] 422 41.5 
Pear] Harbor, Territory of Hawaii ! m)...| —21] 21.3] 17.6] -01| 149] -02| 128] +401] 109|-01] 
Pensacola, Fia.' 16.5| —1.5| 15.8] —1.3] 13.9] —1.2] 11.8] -1.2] 96] -1.0| 7.0|-1.1] 43] -1i 
San Diego, Calif.' (10 16.1} —1.0| 15.6] 401] 164/405] 152/408] 134/407] 106/405] 7.8) 404] Tat 
Seatile, Wash.! 140/406] 114/409] 93/421] 70/411] 46/411] 20] 41.0] -09| 
RELATIVE HUMIDITY (PERCENT) Tar 
Ma 
Pearl Harbor, Territory of Hawaii 1 6 m)__- 77 +11 78 +6 81 +3 76 +4 65 0 53 +1 43 "TORS OE, Se” ee ae Liv 
Pensacola, Fia.! 81 74 +2] +3] +2] +3] se] +5) 47 +4 Sus 
San Diego, Calif! (10 +8] 73/ +4] 45] +2] 38] 43] 36] +4] 235 
Tar 
—— taken about 5 a. m., 75th meridian time, except along the Pacific coast and Hawaii where they are taken at daylight. 
avy 
? Weather Bureau 
3 Surface and 500-meter level departures omitted because of difference in time of day between airplane observations and those of kites upon which the normals are based. Tar 
Pro 
RIVERS AND FLOODS Ma 
iv 
{River and Flood Division, MonTROosE W. Hays, in charge] Sus 
By Ricumonp T. Zocu 
Heavy rains during the last few days of November, Table of Flood Stages in December 1934—Continued Ta 
continuing in a few places into December, caused some Sus 
rather high floods in many of the rivers in Virginia and 
The Shenandoah had the highest flood since 1924. sikiicebiaeain eee Stages—dates Tar 
At Columbia, the James experienced its greatest flood ee ae Sus 
since 1877, although at Richmond it was the highest only From— | To— | Stage | Date 
since 1924. Damage in the river valleys in North Caro- sslisaieetinemnen aalcdiinai.ciamabiainen 
lina was considerable, but it was not extensive in the — xpuco. Peat Fea Tal 
Shenandoah and James Valleys. Neuse, N. 15 | Nov. 20 6| 21-4 | Nov. 30 Sus 
The remaining floods shown in the table of flood stages Haw: Moneure, N. CG... 2| 4 i} 220 1 
; Cape Fear: 
in December were of minor consequence. Fayetteville, N. 
The other tables are statements of estimated flood Peed ock No. 2, Elizabethtown, N. C....- 22 1 5] 29.3 4 Ma 
losses, and savings effected by Weather Bureau flood ee o 9 3| 322 3 
Mars Biuff 17 3 9 18.5 8 
warnings, during 1934. 18 10 180] 10,11 
bl Flood in December 193 1 9} 14.6 3 
Table of tages tn 1984 12 3] 4] 124 14 
[All dates are in December unless otherwise specified] “St: 
14 4 4| 14.0 4 
Crest EAST GULF O¥ MEXICO DRAINAGE 
Tombigbee: Lock No. 3, 33 39.2 30 v 
River and station stage Sus 
Nov. 29 2} 185 
From To— | Stage | Date 18 { 4.0 31 
F506... 15 29 31 17.3 30 
ATLAWYIO DRATEAGE West Pearl: Pearl River, 12 1 7| 122 5 Tar 
Lackawaxen: Hawley, 6 1 2 6.6 1 Pro 
Schuylkill: Reading, Pa. 2 11.2 1 Lower Mississippi Basin 
17 1 1] 17.0 1 
18 | Nov. 30 4 31.7 2 Guadalupe: Victoria, Tex. 21 30 31 23.6 31 Liv 
8 | Nov. 30 4 19.7 3 Sus 
Dan: , PACIFIC SLOPE DRAINAGE 
12 2 3) 136 3 Columbia Basin 
Roanoke: Coast Fork: Saginaw, Oreg 9 20 20 9.9 20 
Randolph, Va..--...---- 21 1 3 27.0 2 Long Tom: Monroe, Oreg--------- 10 29 31 13.9 31 Tar 
Weldon, N. C....-.--- 31 | Nov. 30 6 43.3 4 Santiam: Jefferson, Oreg---.--...-.-.------- 10 20 20 12.5 20 
Williamston, N. C___--__- 10 5 4] 13.9 8 Willamette: Sus 
Fishing Creek: Enfield, N. 15 1 3 17.5 2 I Cn ns iecucnwnel 10 21 23 13.0 21 
Tar OO” eae 12 25 25 12.0 25 
Rocky Mount, N. C....--...-..------ 10 1 5| 13.7 3 
Tarboro, N. 18 4 8| 263 6 
Greenville, N. C...-.-.---.----------- 14 5 11| 188 . 1 Flood continued into January, 1935. 
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DecEMBER 1934 


STATEMENT OF ESTIMATED FLOOD LOSSES DURING 
THE YEAR 1934 


ATLANTIC SLOPE DRAINAGE 
Connecticut River in Connecticut 


Tangible property totally or partially destroyed - --- $11, 200 

Livestock and other movable property... 300 

Suspension of business, including wages of employees_ 4, 000 
Hudson River in New York 

Tangible property totally or partially destroyed 800 
Chenango River in New York 

Tangible property totally or partially destroyed 15, 400 


Susquehanna River in New York and Pennsylvania 


Tangible property totally or partially destroyed- -__- 70, 900 
Livestock and other movable property_.-.---------- 330 
Suspension of business, including wages of employees_ 1, 350 
James River in Virginia 
Tangible property totally or partially destroyed - --- 30, 000 
Roanoke River in Virginia and North Carolina 
Tangible property totally or partially destroyed _ ---- 3, 000 


Livestock and other movable property... 200 


Suspension of business, including wages of employees_ 17, 500 
Tar River in North Carolina 

Tangible property totally or partially destroyed wines 60, 000 

Suspension of business, including wages of employees_ 10, 000 
Neuse River in North Carolina 

Tangible property totally or partially destroyed 55, 000 

Suspension of business, including wages of employees_ 9, 000 

Cape Fear River in North Carolina 

Tangible property totally or destroyed 11, 000 

Suspension of business, including wages of employees_ 3, 500 
Saluda River in South Carolina 

Tangible property totally or partially destroyed - 400 

Broad River in South Carolina 

Suspension of business, including wages of employees- 100 

Congaree River in South Carolina 

Livestock and other movable property - - - ---------- 50 

Suspension of business, including wages of employees_ 1, 000 
Santee River in South Carolina 

Tangible property totally or partially destroyed - 300 

Suspension of business, including wages of employees_ 20, 200 

Savannah River in Georgia and South Carolina 
Livestock and other movable property_-..--..-.---- 250 
Suspension of business, including wages of employees_ 1, 400 
Ocmulgee River in Georgia 

Tangible property totally or partially destroyed - - - -- 800 

Suspension of business, including wages of employees- 600 
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STATEMENT OF ESTIMATED FLOOD LOSSES DURING 
THE YEAR 1934—Continued 


EAST GULF OF MEXICO DRAINAGE 
Apalachicola River in Florida 


Tangible property totally or partially destroyed- - $200 
Livestock and other movable property_____--_------ 600 
Suspension of business, including wages of employees_ 1, 000 
Black Warrior River in Alabama 
Tangible property totally or partially destroyed 1, 000 
4, 500 
Livestock and other movable property___________-_- 300 
Suspension of business, including wages of employees_ 100 
Tombigbee River in Alabama and Mississippi 
Tangible property totally or partially destroyed - --__ 1, 375 
Livestock and other movable property._...-.-+---..-~ 250 


Suspension of business, including wages of employees_ 150 


Pascagoula River in Mississippi 


Tangible property totally or partially destroyed - - - _- 500 
Livestock and other movable property____..-.-.---- 200 
Suspension of business, including wages of employees _ - 2, 200 
Pearl River in Mississippi 

Livestock and other movable property ______-------- 250 
Suspension of business, including wages of employees- 1, 580 

MISSISSIPPI SYSTEM—UPPER MISSISSIPPI BASIN 
Small streams in Minnesota and Wisconsin 
Tangible property totally or partially destroyed_-_--_- 1, 236, 000 
Wisconsin River in Wisconsin 
Bourbeuse River in Missouri 

MISSISSIPPI SYSTEM—MISSOURI BASIN 
Big Sioux River in Iowa and South Dakota 
Tangible property totally or partially destroyed __--_- 70, 000 
Perry Creek in Iowa 
Tangible property totally or partially destroyed 130, 000 
Livestock and other movable 1, 000 
Suspension of business, including wages of employees- 1, 000 
Floyd River in Iowa 
Tangible property totally or partially destroyed 278, 000 
Livestock and other movable property_-___.----.-.--- 15, 000 
Suspension of business, including wages of employees- 32, 000 
Solomon River in Kansas 
Tangible property totally or partially destroyed _- 1, 300 
Livestock and other movable property -_-_..._..------ 1, 200 
Grand River in Missouri 

Tangible property totally or partially destroyed - 110, 000 
Livestock and other movable property_-__-...-.---- 50, 000 
Suspension of business, including wages of employees_ 575, 000 


_ 
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STATEMENT OF ESTIMATED FLOOD LOSSES DURING 
THE YEAR 1934—Continued 


MISSISSIPPI SYSTEM—MISSOURI BASIN—Ccontinued 


Missouri River in Kansas and Missouri 


Tangible property totally or partially destroyed - - - -- $18, 942 
Livestock and other movable property 4, 955 


MISSISSIPPI SYSTEM—OHIO BASIN 
Allegheny River in Pennsylvania 


Tangible property totally or partially destroyed 92, 600 
Suspension of business, including wages of employees- 3, 000 


Monongahela River in Pennsylvania 


Tangible property totally or partially destroyed 61, 267 
Suspension of business, including wages of employees_ 4, 000 


Kentucky River in Kentucky 


Tangible property totally or partially destroyed - -- _- 1, 000 
Barren River in Kentucky 

Tangible property totally or partially destroyed - - - -- 500 

Suspension of business, including wages of employees- 400 


Green River in Kentucky 


Tangible property totally or partially destroyed - - - - - 300 
Suspension of business, including wages of employees- 1, 000 


Cumberland River in Tennessee 


Tangible property totally or partially destroyed - - - -- 151, 975 
Livestock and other movable property_.......------ 2, 000 
Suspension of business, including wages of employees - 6, 250 


Nolichucky River in Tennessee 


Tangible property totally or partially destroyed - - - -- 93, 000 
Suspension of business, including wages of employees- lL, 


Elk River in Tennessee 


Tangible property totally or partially destroyed - - --- 7, 050 
Suspension of business, including wages of employees- 600 


Duck River in Tennessee 


Livestock and other movable property .-...-.-------- 50 
Tennessee River in Tennessee 

Tangible property totally or partially destroyed - - - -- 150 

Livestock and other movable property-_-_------------ 10, 200 

Suspension of business, including wages of employees- - 5, 3 


Ohio River in Kentucky 


Tangible property totally or partially destroyed - --- 900 
Livestock and other movable property__-._--------- 100 
Suspension of business, including wages of employees- - 250 


MISSISSIPPI SYSTEM——-WHITE BASIN 


White River in Arkansas 


Tangible property totally or partially destroyed. ___- 1, 500 
Livestock and other movable property_-.....______- 1, 250 
Suspension of business, including wages of employees-- 1, 060 


DrceMBER 1934 


STATEMENT OF ESTIMATED FLOOD LOSSES DURING 
THE YEAR 1934—Continued 


MISSISSIPPI SYSTEM—ARKANSAS BASIN 
Purgatoire River in Colorado 
Tangible property totally or partially destroyed----.- $800 


MISSISSIPPI SYSTEM—-RED BASIN 


Ouachita River in Arkansas 


Tangible property totally or partially destroyed ---.- 9, 500 
Livestock and other movable property__-...----.---- 5, 400 
Suspension of business, including wages of employees- - 3, 000 


Sulphur River in Texas 


Tangible property totally or partially destroyed 100 
Livestock and other movable property__-....------- 105 
Suspension of business, including wages of employees- - 2, 500 
Small Streams in Oklahoma 

Tangible property totally or partially destroyed - - --- 507, 100 
Livestock and other movable property-_------------- 40, 000 


MISSISSIPPI SYSTEM—-LOWER MISSISSIPPI BASIN 


Tallahatchie River in Mississippi 


Suspension of business, including wages of employees-- 100 
WEST GULF OF MEXICO DRAINAGE 


Sabine River in Texas 


Tangible property totally or partially destroyed - - --- 91, 600 
Livestock and other movable property__....-------- 20, 000 
Suspension cf business, including wages of employees --_ 50, 000 
Trinity River in Texas 

Livestock and other movable property__..........-- 3, 000 
Suspension of business, including wages of employees-- 700 


GULF OF CALIFORNIA DRAINAGE 
Small Streams in Arizona and Colorado 
Tangible property totally or partially destroyed-_---_- 111, 500 
PACIFIC SLOPE DRAINAGE 
Small Streams in California 


Tangible property totally or partially destroyed_ -_-_- 5, 000, 000 
Total estimated losses for the United States_._ 10, 351, 291 


ESTIMATED VALUE OF PROPERTY{SAVED BY 
WARNINGS 


ATLANTIC SLOPE DRAINAGE 


Hudson River in New York__-_------.-------..._- $2, 000 
Susquehanna River in New York_.______.._-_______ 500 
James River in’ Virginia.......................... 10, 000 
Roanoke River in Virginia and North Carolina_-_____ 159, 700 
Tar River in North Carolina..............-......- 36, 000 
Neuse River in North Carolina____........________ 39, 006 
Cape Fear River in North Carolina____......._____ 30, 000 
Peedee River in South Carolina__......_._.__-_.___- 5, 000 
Saluda River in South Carolina_........._____.___. 2, 000 
Broad River in South Carolina___-...........____- 2, 000 
Congaree River in South Carolina_____.__-_________ 3, 000 
Santee River in South Carolina__._..___.-__.______ 13, 000 
Savannah River in Georgia and South Carolina___-___ 33, 900 
Ocmulgee River in Georgia..................-.-_-- 3, 500 


Dec 


Apa 
Eto 
Blac 
Ton 
Pasc 
Peas 
Big 
Floy 
Gra 
Mor 
Bart 
| 
the 
the 
No. 
193 
of t 
fro1 
Ove 
thre 
the 
incl 
wer 
abo 
of ] 
| the 
T 
, inc] 
lati 
sure 
shit 
At 
/ eral 
TaB 
su 
it 
Juliar 
Reyk 
Lerw: 
Valer 
Lisbo 
Made 
Horté 
Belle 
Hailif: 
Nant 
Hatte 
Berm 
Turk: 
Key 
New 
best 
! tucke 


1934 


ESTIMATED VALUE OF PROPERTY SAVED BY 
WARNINGS—Continued 


EAST GULF OF MEXICO DRAINAGE 


Apalachicola River in Florida__.-..--..--.-------- $4, 000 
Black Warrior River in Alabama_.__..._..-------- 7, 500 
Tombigbee River in Mississippi and Alabama. ------ 25, 250 
Pearl River.in Missiesingl 2, 075 


MISSISSIPPI SYSTEM—UPPER MISSISSIPPI BASIN 
Wisconsin River in Wisconsin--..........--.------ 2, 850 


MISSISSIPPI SYSTEM—MISSOURI BASIN 


River te, s 800, 000 
MISSISSIPPI SYSTEM—OHIO BASIN 
Allegheny River in Pennsylvania--__.-...-.-------- 50, 000 
River in Pennsylvania. 200, 000 
Barren River in Rentusky......-..2.......25--..- 10, 000 
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ESTIMATED VALUE OF PROPERTY SAVED BY 
WARNINGS—Continued 


MISSISSIPPI SYSTEM—OHIO BASIN—continued 


Tennessee River in Tennessee_____.____.-_-------- 20, 000 
Ohio River in Indiana and Kentucky___..-...------ 80, 156 
MISSISSIPPI SYSTEM—WHITE BASIN 
MISSISSIPPI SYSTEM—ARKANSAS BASIN 
Petit Jean River in Arkansas___............------- 500 
MISSISSIPPI SYSTEM—RED BASIN 
Ouachita River in 22, 500 
WEST GULF OF MEXICO DRAINAGE 


Total estimated savings for the United States. 1, 962, 331 


WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 


[The Marine Division, W. F. McDoNaALp in charge] 


NORTH ATLANTIC OCEAN, DECEMBER 1934 
By H. C. Hunter 


Atmospheric pressure.—The abnormally low pressure in 
the general region of the Azores, which prevailed during 
the final week of November, continued to be a feature of 
North Atlantic weather during a great part of December 
1934, although there and in other southeastern portions 
of the ocean area the barometer was comparatively high 
from the 15th to 21st, and again during the final 5 days. 
Over higher northern latitudes low pressure prevailed 
throughout the month, particularly near Ireland, where 
the December average pressure at Valencia was 29.35 
inches, more than half an inch below normal, and readings 
were at all times below 30 inches. 

The West Indies and Gulf regions averaged a little 
above normal pressure. At Bermuda the opening week 
of December was marked by rather high barometer, but 
the second week by low. 

The highest reading so far reported by a vessel was 30.53 
inches on the 20th, by the British steamship Camito, about 
latitude 40° north, longitude 48° west. e lowest pres- 
sure was 27.81 inches, encountered by the American steam- 
ship Minnequa, late on the 24th, near 56° north, 27° west. 
At about the same longitude, but near 50° latitude, sev- 
eral steamers noted readings almost as low when within 
an intense storm area during the night of the 13th-14th. 
TABLE 1.—Averages, departures, and extremes of atmospheric pres- 


sure (sea level) at selected stations for the North Atlantic Ocean and 
its shores, December 1934 


Average | Depar- 
Station pressure | ture Highest} Date |Lowest| Date 
Inches | Inch Inches Inches 

Julianehaab, 29. 91 1] 28.85 26 
Reykjavik, land ._... 29. 41 —0. 06 29. 98 4/ 28.57 ll 
Lerwick, Shetland Islands_-.-.- 29. 55 -.17 30. 24 25} 29.10 15 
Valencia, Ireland. -............- 29. 35 —. 59 29. 92 1,31 | 28.48 15 
Lisbon, Portugal....---------- 30.10| —.01| 30.52 31| 29.78 9 

30. 16 +.07 30.32 | 30,31 | 30.01 12 
29. 90 —. 24 30. 31 19 | 29.45 24 
Belle isle, Newfoundland.._.-- 29.48| —.22| 30.18 4| 28.64 21 
Halifax, Nova Scotia.........-- 29. 87 —.08 30. 34 19} 29.04 20 
—.05 30. 48 29.16 20 
30. 11 —.02 30. 48 27 | 29.52 19 
—.05 30. 38 24; 29.60 11,12 
30. 06 +. 03 30. 13 3,16} 20.91 ll 
30. 10 +. 02 30. 32 12} 29.91 ll 
30. 19 +. 06 30. 49 11 | 20.85 18 


Notg.—All data based on a. m. observations only, with departures compiled from 
best available normals related to time of observation, except Hatteras, Key West, Nan- 
tucket, and New Orleans which are 24-hour corrected means. 


Cyclones and gales—Seldom has the North Atlantic 
Ocean known so stormy a month as December 1934. 
The number of gale reports in hand at this writing is 
283, of which 15 state the highest wind force as 12, and 
35 as 11; it is not feasible to present all of the latter 
group of reports in the accompanying table. 

East of Newfoundland the storm centers were usually 
located north of the chief steamship lanes, so that the 
strong winds were nearly all from a westerly direction. 
A characteristic report was that of the American steam- 
ship West Kyska, bound from Bremen to Panama City, 
Fla., which left the English Channel late on the 14th, 
and thereafter, till near 41° N., 25° W., late on the 21st 
had wind always from a westerly point and at no time 
of force less than 6. 

For the first few days of December the storm activity 
was not unusually great for the time of the year. But 
by the 4th a vigorous Low was central near Nova Scotia, 
from whence it advanced to east-northeast and later 
northeast, till on the 10th it was south of Iceland. Chart 
VIII, for the 8th, shows this storm affecting a large 
area near and to eastward of midocean; such fully 
developed storminess was typical of the period from the 
5th to the 20th. A lesser disturbance also is indicated 
on chart VIII near Cape Hatteras; it had already gained 
considerable intensity in its progress northward from 
the region of the Bahamas during the preceding 2 days, 
and continued to intensify with further progress north- 
eastward. 

Chart IX, for December 11, shows this storm center 
near midocean and of great intensity. Gales were pre- 
vailing on the 11th meh 12th from the Bahamas to the 
Irish coast. Another Low was again developing near the 
American coast, somewhat to eastward of Delaware Bay, 


traveling northeastward, and behind it the eastern part 
of the United States was experiencing a marked cold 
wave. 


The storm just mentioned as near Delaware Bay was 
of great energy by the 13th, centered not far from the 
Grand Banks, and the situation of that date is shown on 
chart X. In this storm near 50° N., 35° W., the British 
steamship Usworth, from Montreal for Great Britain, was 
in distress, and on December 14th she was abandoned; 
15 of her crew and 2 officers engaged in the work of rescue 


Cumberland River in Tennessee__.........-------- $21, 100 & 
Duck Diver in 2, 000 


STS 
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from the Belgian steamship Jean Jadot, lost their livesby a the widespread and severe storminess caused much minor 
boat capsizing. (‘The other 11 men of the Usworth wereres- damage to shipping, in boats and gear lost or smashed, 
cued by the Jean Jadot and the British steamship Ascania. and in strained plates and damage to superstructures. 
On the 15th another energetic Low was near Newfound- Fog.—Scarcely any fog was reported during December 
land, and advanced eastward till the situation of the 18th from the Grand Banks region. Over the eastern part 
appearing on chart XI, had developed. That day the of the ocean, however, there was somewhat more than 
Norwegian steamship Sisto was abandoned, about 500 during November, chiefly near the fiftieth parallel, 
miles west of Ireland, the German liner New York between 30° W. and the British and French coasts, the 


rescuing all hands. first 4 days of the month being the notable time of occur- 
From the 20th onward, the storms traversing the rence. : 
North Atlantic, though important, were usually less In the vicinity of the American coast, from Nova 


intense, especially near the route from northern United Scotia to South Carolina, some fog occurred on various 
States ports to the English Channel. The chief tow of dates, the principal period being about the 11th to south- 
this period was, however, well developed on the 24th ward of the fortieth parallel. The square from 35° to 
and 25th, when central about midway between northern 40° N., 70° to 75° W., furnished reports of fog on 6 
Newfoundland and northern Ireland. different days altogether. In the northwestern part of 

While only two major casualties due to stress of weather the Gulf of Mexico some fog was encountered about the 
in December have come to notice, as reported above, 18th, and again during the final 5 days of December. 


OCEAN GALES AND STORMS, DECEMBER 1934 


4 Position at time of Time of Direc- | Direction | Direc- 
Voyage lowest barometer knoe lowest a”, —_ tion of | and force | tion of | Direction | Shifts of wind 
De. | barom- ba. | wind of wind wind | and high- near time 
eter when time of | when | est of lowest 
From— To— Latitude |Longitude| ber— — ber—| eter arometer 
NORTH ATLANTIC 
OCEAN 
ein Inches 
Silverteak, Br. M. Halifax._......- 138 02N.| 32 51 W. 2 | 3p, 2 2 20.54 | SW____| SW, 10___.| WNW_| SW, 10_-_-- 
City of Joliet, Am. 8. 36 55N.| 2813 W. 9... 3 | 20.56 | SW__--| SW, WNW_| SW, 10....| SW-W. 
Nishmaha, Am. 8. New Orleans.--| 39 45 N.| 25 48 W. 3 | 2a, 3...-- 5 | 29.43 | SSW, 7....| WNW.| WNW, 9.-| S-W. 
Lacia C., Ital. 8. 8.._....] 38 2043 W. 5 | 2a, 5.. 5 | 29.60 | SSW__.| SSW, SSW__.| SSW, 10...| None 
Rotterdam, Du. M. Rotterdam---.-- Baton Rouge...| 41 56 N.| 24 41 W. 4 | 4a, 5 8 | 29.30 | SW__..| WSW, WSW_.| WSW, 9-- 
Bennekom, Du. 8. 43 10 N.| 23 40 W. 3 | lla, 5 5 ?20.19| WNW.| WSW, 9.-] NW_...| WSW, None. 
Svanhild, Dan. 8. S____-- Norfolk . ...-.-- 45 57N.| 5418 W. 5 |.--do- SW, 10....| NW_...| SW, 11....| S-SW-WNW 
Blankaholm, Swed. M. Gothenburg...-| New York - ---- 45 35 N.: 56 35 W. 5 | ip, 5.- 6 | 28.98 | SW_.-_-| W, 10_..-- NW....| NNW, 11.| SW-W-NNW 
Boston City, Br. 8. 8_..-- Portland, Maine; 46 16 N.| 43 40 W. § | 40, 8 | 28.65] S... Ws 
Lord Kelvin, Br. 8. Halifax.........| 46 28 N.| 38 18 W. 6 | 10p, 6. 8 | 28.68 | WNW.| W, 11..--- Steady. 
Baltimore, Am. | Norfolk. .....--| 47 22 N 33 45 W 7 | Noon, 7. 8 | 28.62 | WSW_.| WSW,7_-| WSW_.| WSW, None. 
8. 8. 
Nerissa, Br. S. New York. -..--| St. Thomas-_-_--| 33 00 N.| 7037 W. S 61 SW, 9....- NW._...| WSW, 9..| S-SW-NW. 
Indiana, Fr. 8. 8. ......-- Guadeloupe...-| 40 05 22 15 W. 9 | 29.37 | SSW_..| WSW, WSW_.| W, 12.-.--- W-SW. 
Cheyenne, Br. M. Philadelphia_-.| London-------- 43 15N.| 4237 W. 6 | 9a, 8....- * § | 29.58] WNW_| WNW, 11.| WNW_| WNW, 11_! None. 
7. 42 25N.| 23 38 W. 9 | 29.20| WNW._| W, 10.---- WNW.]| W, 12..--- WSW-WNW. 
City, Am. | Bristol........- 38 15 N.| 59 40 W. 8 | 3p, 8 | 29.15 | SW, WNW.| SW, S-SW-W. 
Ajax, Du. 8. Amsterdam San 41 23N.| 1438 W. 8 10p, 8--- 9 | 29.37 | SW, 11_...| WSW-_.| SW, 12._..| SW-NW. 
Sagaporack, Am. 8. Copenhagen....| New York - ---- 4400N.| 5100 W. == 9 | 29.02 | SW, 12__..| SE-S-W. 
47 O1N.| 45 36 W. 9 | 29.02 | SW__._| WSW, 10.| WSW_.| WSW, 10_| SE-WSW. 
Brasilien, Dan. 8. Buenos Aires...| 51 N. 4 50 W. 9 | 5a, 10 | 28.99 | SW_..-} SSW, 11_..| SSW, 12...| SSW-WSW. 
Bremen, Ger. S. 8_......-| Cherbourg. New York - 49 OON.| 27 24 W. 10 | 1p, 10. None 
West Camak, Am. S. New Orleans._-| 35 08 N.| 61 09 W. 11 | 3a, 12.... SW-S-SW 
New Brunswick, Br. 8. 8_| Freetown ------ Boston_-------- 33 21N.| 54 16 W. 12 | 6p, 12.-- 13 | 20.72 | 8...-.-- SSW, 10_..| W .| SSW, 10...| S-SSW-W 
Kentucky, Dan. 8. Norfolk. Rotterdam. 46 50N.| 34 40 W. 13 | 9p, 13 i SW...-1 W, ...-- WNW.| W, 12_---- WSW-WNW 
Black Gull, Am. 8. S_._-_- Rotterdam. New York 150 34 N.| 3013 W. 13 | Mdt, 13. 14 | 27.93 | SW__--| WSW, 11-] NW__..| WSW, SW-WSW-N 
Mobile City, Am. 8. S__.| Portland,Maine| 49 45 N.| 25 10 W. 13 a, 34... 14 | 28.08 | WSW, 10_| NW__..| NW, 10_--| SW-} 
Motocarline, Belg. M. S_._| Baytown------- 43 52N.| 2400 W. 13 4a, 14_-_- 15 |?29.26 | WSW_.| WSW, 9.-| WNW.| W, 10_---- WSW-W. 
County, Am. | New York----- 48 48 N.| 25 32 W. 15 | 28.91 | WSW-__| W, WSW-WNW. 
8. 8. 
Sarcoxie, Am. 8. Bordeaux_.....| New York ---.. 143 26 N.| 22 24 W. 14 | 6a, 14_-.- 14 | 29.41 | WNW.]| W. 10. 
Black Faleon, Am. 8. New York ---- 48 59 N.| 2307 W. 15 | 28.40} WSW__| WSW, WNW_| WNW, 10.| WSW-W. 
Tymeric, Br. 8. Port Royal_---- Liverpool ----- 48 13 N.| 23 50 W. 13 }...do..- 15 | 28.42 | WSW__| WSW, NW....| WSW, WSW-W 
Jamaica Producer, Br. | Kingston------- Rotterdam----- 49 1436 W. 13 | Noon, 14 15 | 28.45 | WSW_-_| SW, 10._--| SW, 10._-- 
8. 8. 
Gensral Gassouin, Fr. | New York----- 48 55N./| 19 00 W. 15 | 28.40 | W-....-- WSW, 10-| WNW._| W, 12.---- SW-WNW. 
New Brunswick, Br. 8. S_| Freetown ------ 35 52N.| 59 40 W. 13 | 3p, 14_-- 16 1:9. @ 1 7-.--.: NNW..| NW, 12...| W-NW. 
Yuri Maru, Jap. 8. 8_---- Schiedam -----_- New York ----- 49 50 N. 719 W. 14 | 6p. 14--- 15 | 28.35 | SSW, WSW, SSW-SW. 
Waban, Am. 8. New Orleans_.-| 35 05 N.| 6203 W. 15 | 8a, 15... 1612.2 i NW....1 NW,7....1 W....-- NW, 10... 
Tabinta, Du. M. 35 48 N.| 39 20 W. 16 | 8a, 16 | 29.59 | S, WNW.| W, 11..--- s-WswW. 
Lochkatrine, Br. M. Cristobal_..---- Liverpool 4413N.| 4016 W. 16 | 2p, 16. -- 17 | 28.49 | WS8W, 10.| WNW.| WSW, 12_| SSW-WSW. 
West Eldara, Am. 8. S__._| Antwerp------- 49 17N:| 36 52 W. 16 | 9p, 16- - NNF, 11..} W....-- N, 1l_....-| E-NNE-N. 
Pres. Harding, Am. 8. Southampton_.| New York-_----| 49 24N.| 23 00 W. 17 | 10a, 17_-- 18 | 28.67 | SW__--| SW, SW___.| WNW, 11. 
Tennessee, Dan. 8. Norfolk. 50 21 N.| 1247 W. 17 | 11a, 18 19 | 28.95 | SW__-.| W, 10. 
Waban, Am. 8. New Orleans_--| London-------- 39 05 N.| 45 10 W. 19 | 9a, 19 | 29.92 | W....-- NW, 10...| NW-_...| NW, 10. 
Caledonia, Br. 8. Glasgow New York. 41 12N.| 65 40 W. 20 | 4a, 20... 20 | 29.24 | SSE..../ 8, 9. WNW.| W, 10-_---- S-SW 
Tabinta, Du. M. 42 19N.| 58 02 W. 20 » 20. . SW, 11__--| WNW.| 12__.-..| S-SW-W 
Sarcoxie, Am. 8S. Bordeaux New York ----- 43 OON.| 45 30 W. 20 | 2a, 21... 21 | 29.64 | SSW___| SW, 11__..| WNW_]| SW, SW-WNW. 
Corporation, Br. | Philadelphia_--| Liverpool ------ 40 04N.| 64 20 W. 22 22 24 | 29.83 | ENE_-| ENE, NNW, 10.| ENE-N 
Exarch, Am. 8. New York 36 18 N.| 44 25 W. 23 | 1p, 23-- 24 229.30 | SSW___| SSW, NW_...| WNW, 10. 
Mahronda, Br. 8S. S__-_--- Boston_--_- 46 0ON.| 37 43 W. 22 | Sp, 23... NF, 11._-.| NE-N-W. 
McKeesport, Am. 8. S__.| Havre____-- .---| New York.--..-| 44 50N.| 28 53 W. 23 | 1a, 24_- 3:43 W...... SSW, 11__.| NNW_.| SSW, 12._| 8-SSW-WSW. 
Tennessee, Dan. 8. S__--- Norfolk. 50 33 N.| 3030 W. 24 | 8a, 24_-- 25 | 28.22 | ESE-_-.| NE, 12__._.| WNW_| NE, 12....| E-NE-NNW. 
Black Heron, Am. 8. Antwerp_-_----- 51 0ON.| 23 00 W. 24 | 2p, 24.- Steady. 
Minnequa, Am. 8. Copenhagen....| New York.-...-| 56 27 N.| 27 40 W. 24 | 10p, 24. 26 | 27.81 | SE...-- SF, 10.....| SE. 10....- 
China Arrow, Am. 8. S___| 35 50 N.| 7400 W. 26 | 3p, 26. 27 | 29.81 | WNW, 6..| NNW_.| NW, 9_...| SW-WNW-NW 
City of Norfolk, Am. 8. S_| Havre.......--- Norfolk - - ---.- 49 40N.| 19 28 W. 26 | 4a, 27...- 27 | 28.76 | B....... SSW, 10...| NW_...| SSW, 10...| SSW-W. 
Emanuel Nobel, Belg. | Antwerp_......| New York..-.-| 43 42 N.| 36 24 W. 28 | 9p, 28. -- 29 | 28.85 | S.......) W, 11...-.| WSW..| WNW, 11./. W-WNW. 
8. 8. 
Gateway City, Am. 8. Mobile___ 37 37 32 30 W. 28 | Mat. 28. 29 | 29.59 | S_......| SSW, 11_.] W_._...| SSW, 11..| SSW-WSW. 
Exarch, Am. 8. Casablanca-_...- New York 36 0ON.| 6200 W. 29 | 10p, 29. 31 29.31 | SW.._.| SSW, 9....1 NNW..| NW, 11...| SSW-W. 
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OCEAN GALES AND STORMS, DECEMBER, 1934—Continued 
Voyage Position at time of Time of Gale Direction 
lowest barometer lowest ended tion of | and force Direction Shifts of wind 
Vessel barom- |"He- wind of wind and high- near time 
cem- est of = lowest 
ecem- gale owes w ometer 
From To— Latitude ber ber— began | barometer 
NORTH PACIFIC 
OCEAN 
Manila........-. Los Angeles....| 16 09 N. 328 | 8p, 28 2 ENE..| NE, 7...-- ENE, 9...| ENE-NE. 
Comliebank, Br. M. 8....| Shanghai_... 9 20 N. 330 | la, 1-.... 1 NNW |_| NE, 12.__- NE, 12....| NNW-NE-SE. 
Noumea, Pan. M. Gingoog, P. Los Angeles....| 12 05 N. 1| 5a, 2 | 29.32 | NE...-| NW, W, NE-NW-W. 
Irisbank, Br. M. San Francisco..| Manila_.._.. 28 50 N. 3 | 3p, 3.... 6 | 29.78 | SSW___| SSW, 
Gen. Sherman, Am. S. 8..| Yokohama--_-- San Francisco..| 46 55 N. 6a, 4 | 28.68 | SE_.__- SE, 8.....- 8 SSE, 9....| ENE-SE-SSE. 
Pres. Adams, Am. S. Honolulu. Kobe.......- 129 04 N. 4] lla, 4.... 4 | 29.67 | NW, 9....| WNW-NW. 
Jefferson Myers, Am.8.S-.| Portland, Ore- | 48 30 N. Noon, 4. 28.44| NW__.| WNW, 9-- WNW, 9..| NE-WNW-SW. 
gon. 
Comliebank, Br. M. 8....| Sydney. -..---- 41 N. 4 | 6p, 6 | 29.28 | SSW__.| SW, 9..... SW-N. 
San Diego Maru, Jap. M. | Angeles_..-| 46 11 N. 5| 6p,5....| 6 | 28.28] WNW.| WNW, 8.. WsW, 10.| N-WNW-wWsw 
Jefferson Myers, Am.S.S_| Yokohama. ---- Portland, Ore- | 48 25 N. 5 | 8p, 5.... 6 | 27.76 | NE....| SE, 11..... ESE, 11...| NE-SE-SW. 
gon. 
Heian Maru, Jap. M. S_-|__.-- Vancouver. 50 42 N. 5 | 2a, 6..... 5 | 28.05 | NNW, 9..| NNW-W-SW. 
Siljestad, Nor. M. Tokuyama..__- San Francisco..| 34 55 N. 6 | 4a, 6..... 7 |220.47| WNW-| NE, WNW, 10.| E-NE-W. 
Fernlane, Nor. M. Los Angeles. 29 53 N. 6 | 4p, 6 | 29.70; SW....| SW, Steady. 
m. §. 8. 
oe Diego Maru, Jap. M. | 45 38 N. 6 | 6p, 7 ESE...| SSE, SW, 12._..| ESE-SSE-SW. 
Jefferson Myers, Am.8.S8_| Yokohoma-.---.- Portland, Ore- | 49 15 N. 6 | la, 7 ESE-S. 
gon. 
Heian Maru, Jap. M. S-_-}._--- Vancouver... 51 OO N. 7 ESE...| SSE, 10... 8, 1l1_.....| ESE-SSE-S. 
Siljestad, Nor. M. Tokuyama.._.- San Francisco..| 35 35 N. 8 WNW, 9..| WSW-WNW. 
Pres. Jackson, Am. 8. 8..| Yokohama. 52 08 N. 9 | 6a, ll ESE..-.| NE, E-NE-NNE 
Fernlane, Nor. M. Los Angeles....| 31 03 N.| 158 40 E. 4a, 11... ll teady. 
California, Am. 8. San 37 N.| 92 53 W. > 12 .92 | NNW _| NNW, 2. NNW, 8.-.| WNW-NNW. 
Tacoma, Am. 8. Taku Seattle. .......- 50 11 N.| 170 18 W. 4p, 13... 13 | 28.35 | E..-.-- ENE, 9...| ENE-S-SSW 
Pres. Jackson, Am. 8. Yokohama-.--- 51 22 N.| 173 56 W. 15 | 28.73 | NE-N., 
Elmsport, Am. 8. Bailboa........- Los Angeles....| 13 18 N.| 94 22 W. 4p, 14__- 15 | 29.92; NNW NNE, NNE, None. 
Golden Peak, Am. 8. San Franc -| 39 0O N.| 156 40 E. 9p, 14... 14 | 29.46 | SSW_--| SSW, 9__- SSW, 9 SSW-SW. 
Zuiyo Maru, Jap. S. 8_...| Los Angeles.. ..| 38 32 N.| 171 00 E. 8p, 15. - 16 | 29.53 | WSW__| SW, 7.-_--- WNW, 10.| S-SW-WSW, 
Maru, Jap. M. Vancouver. 46 49 N.| 160 46 E. 17 | 29.45 | NW-....| WNW, 7.. NW, 9...-| WNW-NW. 
Zuiyo Maru, Jap. S. S....| Los Angeles...) 38 40 N.| 175 30 W. 8a, 17... 17 | 28.67 | NE..-.-.| N, ENE-NE-N 
Golden Dragon, Am. 8. San Francisco..| Yokohama--.--- 34 29 N.| 170 18 W. 10a, 17_- 12+ SSE-S-WSW 
Noumea, Pan. M. Los Angeles....| 35 10 N.| 178 30 E. Mdt,17.|_ 18 | 28.79 | SW, 3....- N, 10....-- E-SW-N. 
Sanyo Maru, Jap. M. 8_- Yokohama-.---_- 47 02 N.| 154 00 W. Noon, 1 19 | 29.37 | SW__..| SW, 9_...- SW, 10....| Steady. 
Pres. Jackson, Am. 8. V 42 30 N.| 151 00 E. 10p, 18. 29.45 | WNW_| SSW, 6._.. W, 10.._-- 8-WSW 
Pres. McKinley, Am. 49 42 N.| 131 12 W. 3p, 23...| 24| 29.74| WNW.| WNW, 6.. WNW, 9..| None. 
Sanyo Maru, Jap. M. S_.| Los Angeles... 46 24N.|16812E.| 24| Mdt,24.} 25] 29.69 | 
Golden Dragon, Am. 8_| San Francisco__ 34 19 N.| 161 17 E. 25 | 4p, 25... 25 | 29.63 | S....... s-W. 
Atlantic, Am. 8. 8_......- Balboa........- -| 16 OON.| 95 20 W. 26 | 3p, 26... 26 | 29.80 | N_--..- NNE, 8... NNE, 8...| NNW-NNE-W 
Aorangi, Br. M. Honolulu. 40 25 N.| 131 52 W. 25 | 6p, 26... 26 | 29.57) WNW, 6.. NW, 8...-| NNW-W. 
Sanyo Maru, Jap. M. S8__| Los Angeles... 42 31 N.| 155 32 E. 26 | 1lp, 27 | 20.29 | N....-- 
Noumea, Pan. M. Gingoog-...-.-. Los Angeles....| 36 10N.| 13555 W.| 26] lla, 27.-| 28 | 29.95 | NW__-| NW, 8.._- NW, 8...- Steady. 
Gen. Sherman, Am. 8. 8..| Portland, Ore- | Yokohama. 49 34.N.| 174 O2E. 28 28 | 29.80 | SW....| SW, SW-WSW. 
gon. 
San San Francisco._| 45 27 N.| 124 20 W. 29 | 29.40 | SW, None. 
Steelmaker, Am San Diego 15 18N.| 96 06 W. 28 29 | 29.78 | NNW _| NNE, NNW, 8..| W-NNE. 
Tahchee, Br. 8. LosA ngeles_---- 30 30 N.} 145 00 E. 29 | 5p, 29... 30 | 29.54 | S.....-. 8-SW-W. 
Golden Dragon, Am. 8. 8.| San Francisco..| Yokohama. 34 21.N.} 144 19 E. 29 | 1a, 30_.-- 30 | 29.49 | ESE._- NE, 12....| E-N. 
Maru, Jap. | Yokohama.-..-. Los Angeles....| 38 29 N.| 154 55 E. 30 | 7p, 30... 31 | 29.12 | NW, | NW, 9....| NE-NW-WNW 
Tyndareus, Victoria........ 49 48 N.| 172 18 W. 30 | Ip, 31... 31 | 29.47 | SSE-....| 8, 6......- SSE, 
Golden Star, Am. 8. San Francisco_.| 40 18 N.| 151 10 E. 30 | 4p, 31 | 29.83 | NNW, 9..| NE-N-NNW. 
McKinley, Am. | Victoria........ Yokohama... 46 32 N.| 163 38 E. 31 | 4p, 31... 41) 28.59 | N, 10...... E-N. 
1 Position approximate. 3 Barometer uncorrected. 3 November. 4 January. 
NORTH PACIFIC OCEAN, DECEMBER 1934 TABLE 1.—Averages, departures, and extremes of atmospheric 


Atmospheric pressure-—The entire central part of the 
North Pacific Ocean from the tropic south of Midway 
Island northward through Bering Sea was mostly 
dominated by low pressure, the average center of which 
lay in the neighborhood of the eastern Aleutians. 
sures throughout this region were somewhat below the 
normal; but from Kodiak Island, eastward and south- 
ward along the American coast, the barometer was some- 
what above the normal, with the point of greatest depart- 


By Wi.us E. Hurp 


ure, +.11, at Juneau. 


The eastern oceanic anticyclone, central off the Cali- 
fornia coast, was more than usually restricted in area for 
the month, due to the encroachments of the low-pressure 
areas from the northwestward. In Asiatic waters high 
pressure not only covered the coasts from Hong Kong 
northward to the Kurils, but also extended eastward far 


into the ocean. 


pressure at sea level, North 
selected stations 


acific Ocean, December 19384, at 


Aver- 
age High- 
Stations pres- est Date |Lowest| Date 
sure | normal 
Inches Inches 
30. 50 29.00 8 
—.04) 30.64 26 | 28.18 6 
—.06 | 30.40 27 | 28.56 2 
+.07 | 30,40 25 | 29.18 6 
30.61 4) 29.35 15 
+.07 | 30.64 4] 28.82 26 
30.16 | +.04) 30.49 29.79 27 
29.95} +.02| 30.00 |} 20.88 28 
30.00} —.01 | 30.14 8 | 29.79 1 
pS 29.99; 30.28 20 | 29.68 6 
29.84; —.03 | 29.94 10 | 29.60 3 
29. 86 -00 | 30.02 9| 29.60 2 
30. 08 |.......- 30. 33 29.91 27 
30.04 | +.04); 30.28 29. 66 5 


NOoTE.—Data based on 1 daily observation only, except those for Juneau, Tatoosh 
Island, San Francisco, and Honolulu, which are based on 2 observations. Departures 
are computed from best available normals related to time of observation. 
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Cyclones and gales.—The greater number of the North 
Pacific cyclones of December 1934 were of oceanic 
origin, and fewer than the usual number of depressions 
of consequence for the season entered the sea from Asia. 
The most important of these few occurred at the end of 
the month, when a small cyclone of no great depth crossed 
Japan and, intensifying rapidly upon passing to sea, 
caused gales which attained a maximum force of 12 NE., 
late on the 29th, and of force 10-11 during the forenoon 
of the 30th, between Yokohama and longitude 145° E. 

Practically all other gales occurring north of the 
Tropics, even those of the 19th, with force of 10, east of 
Hokushu, were associated with cyclonic activities which 
arose at sea and expanded eastward or westward during 
their fluctuations. 

The month as a whole was stormy. Pressures well 
below 29 inches were recorded on several days; and gales 
exceeding force 10 were encountered on at least 8 days 
north of the 30th parallel. 

On December 2 the Aleutian Low began to spread and 
deenen. By the 4th a great low-pressure system ex- 
tended from the east Bering Sea far southward, with 
barometer down to 29.72, accompanied by a west gale, 
and force 8, even at Midway Island, while in 48%° N., 
160%° W., the American S.S. Jefferson Myers was ex- 
periencing a strong northwesterly gale, barometer 28.44. 
On the 5th this ship, when 4° farther eastward, ran into 
a south gale of force 11, with lowest pressure at the unusual 
value of 27.76 inches. The Japanese M.S. San Diego 
Maru, on the 6th, reported a pressure reading of 27.94 
inches, in conjunction with a southwest hurricane, near 
46° N., 154° W. Heavy gales and low pressures con- 
tinued until early on the 7th, after which the weather 
moderated. The field of severest storminess and lowest 
pressures during the period 5th to 7th extended from the 
eastern Aleutians southeastward to about latitude 45° 
N., longitude 145° W. 

On the 13th to 17th the Low again deepened, and 
spread southward from Bering Sea toward Midway 
Island. Along the upper routes the wind attained forces 
of 9 and 10 south of the Aleutians in the early part of 
this period, with lowest observed pressure 28.35. On 
the 17th the heaviest winds (forces 11-12) were experi- 
enced along the middle routes north of Midway Island, 
between 180° and 170° W. On this date strong gales 
were encountered also to the eastward of the Kuril 
Islands on the northern route to Japan. 

On the 25th the American 8.8. Golden Dragon, San 
Francisco to Yokohama, experienced a south gale of 
force 11, near 34° N., 161° E., in connection with a 
cyclone of moderate depth in the neighborhood. This 
steamer on its westward voyage had the rather unique 
experience of not only weathering this severe gale of the 
25th, but also of previously passing through the hurri- 
cane belt of the 17th north of Midway Island, and on the 
29th and 30th of battling with the equally heavy cyclonic 
gales a day’s voyage out from Yokohama. 

, Toward the end of December a local cyclone occurred 
off the Washington coast. It originated as a small 
depression near 49° N., 134° W., early on the 25th, and 
by midnight had so developed in intensity as to cause 
winds of force 11 at several coastal points. At North 
Head the extreme wind velocity on the 25th was 65 miles 
an hour from the south; at Tatoosh Island, it was 71 
miles from south and southwest during the night of the 
25th-26th, with a low barometer of 28.82 inches. The 
storm center hung off the coast until the 29th, and was 
accompanied on land by damaging rains. A few steamers 
reported gales of force 8-9 between the coast and 135° 


December 1934 


W., extending as far south as the thirty-fifth parallel, 
on the 26th to 28th. 

At the close of the month a deep and extensive cyclone 
raged over much of the central-western part of the 
northern steamship route, with winds of force 11-12 
reported between 45°-50° N., 160° E. and 170° W. The 
American S. S. President McKinley, in this storm, 
reported a pressure of 28.59 inches, accompanied by a 
north hurricane. 

Typhoons.—In an accompanying report, the Rev. Fr. 
Doucette describes the typhoons and depressions in the 
Far East during December 1934. The typhoon of No- 
vember 30—December 6 was the most intense of the month 
at sea; and in its early stages, on December 1, had attained 
full hurricane strength a short distance southwest of Yap, 
as showa by the report of the British M.S. Contiglanle 
The ship on that date had a low barometer reading of 
28.81 inches. On the 2d, as the cyclone swept up to the 
eastward of the Philippine Islands, the Panaman M. S. 
Noumea experienced a wind of force 11 a short distance 
south of the center of the storm. The M.S. Comliebank, 
bound northwest toward Shanghai after her first en- 
counter with the storm, again entered the storm area on 
the 4th, after the recurve. At this time the typhoon’s 
energy had abated, and the highest wind velocity en- 
countered by the ship was from the north, force 9. 

Fadauindies.—Oeians to the frequent extensions of 
anticyclones of the United States into the Gulf of Mexico, 
an unusual amount of norther-type weather occurred in 
the Gulf of Tehuantepec. While the induced gales were 
not heavy, yet northerly winds ot force 8 were experi- 
— in the Gulf on the 6th, 12th, 14th, 20th, 26th, and 
29th. 

Fog.—Fog was of very little meteorological importance 
this month. It occurred on 4 days off the southern and 
Lower California coasts, and on a few days in widely 
scattered areas elsewhere over the ocean. 


TYPHOONS AND DEPRESSIONS OVER THE FAR EAST, 
NOVEMBER 1934 


BernarpD F. Doucette, 8. J. 
[Manila Observatory] 


During November 1934, there were two typhoons and 
one depression over the regions of the Far East. The 
last few days of the month saw a typhoon form over the 
Caroline Islands and move toward the archipelago, cross- 
ing the islands in December. 

Depression, November 1 to 6.—The depression formed 
November 1 in the Pacific Ocean between Palau Island 
and Mindanao. It moved northwest, then west (Nov. 3) 
across the Visayan Islands and northern Palawan. 
November 4 found it in the China Sea, where it changed 
its course to west-northwest, entering Indo-China 
November 6. 

Typhoon, November 10 to 19.—Forming over the eastern 
Caroline Islands, this typhoon appeared November 10 
about 500 miles southeast of Guam. It moved rapidly 
on a west-northwest course, traversing the distance to 
the Philippines in 4 days. On the morning of the 14th, it 
was close to and approaching the northern part of Samar 
Island. Changing to a northwest course, it crossed Samar 
Island between Laoang and Calbayog, passed over Legas- 
pi, Albay Province, then west of Naga, Camarines Sur, 
north of Atimonan, Tayabas Province, and approached 
Manila, the forenoon of the 15th. About noon it passed 
between Infanta, Tayabas Province, and Manila, at the 
same time decreasing in intensity. Moving northwest, 
it crossed the Provinces north of Manila. It was in the 
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China Sea the morning of the 16th, close to and west of 
the coast of Luzon. It was a very small center, within 
70 miles of the coast, as the observations taken on board 
the S. S. Anking show. This ship, en route to Manila, 
followed the one hundred and nineteenth meridian very 
closely and yet passed west of the typhoon on the after- 
noon of the 17th. The next day, the typhoon was over 
the western part of the Balintang Channel, where it 
changed its course to the northeast, filling up over the 
Nansei (Loochoos) Islands, November 19. 

At Legaspi, the minimum reading of the barometer 
was 723.45 millimeters (28.482 inches); at Naga, 728.87 
millimeters (28.695 inches). The rains which this ty- 
phoon brought caused many deaths in and around the 
town of Mauban, Tayabas Province. Seventeen hours 
of rain over the sources of the Mauban River caused a 
sudden and destructive flood, which took a toll of 52 
lives. The province of Tayabas suffered heavily and, on 
November 24, the Governor released the report that 106 
lives were lost because of this typhoon. 

Typhoon, November 24 to December 3.—This typhoon 
first appeared on the weather map of November 24, 
2 p. m., located about 500 miles southeast of Guam. It 
moved west-northwest and then was almost stationary, 
November 25 and 26, over the regions about 300 miles 
south-southwest of Guam. Taking a more westerly 
course, it approached the island of Yap November 27, 

assing that island on a west by south course early in the 
orenoon of the same day. Moving very fast on a west 
by north course, it approached the Visayan Islands, being 
located on November 28 near latitude 10° N., longitude 
131° E. November 29, at 6 a. m., it was close to and 
south of Tacloban, Leyte Province, now changing to a 
west-northwest course. Crossing the Visayan Islands, it 
moved southwest of Masbate, north of Capiz, close to 
and south of Odiongon. The next morning, (Nov. 30) 
it was over northern Mindoro. It continued its west- 
northwest course into the China Sea for 2 days. On 
December 2, it changed its course more to the west and 
filled up over the Paracel Islands the next day. 

This storm was the cause of much destruction to crops 
and light-material houses; little loss of life was reported, 
except the case of the sinking of the M. S. Pulupandan 
which was lost off Pandan, Antique Province, about 6:30 
p. m. November 29. Of the crew of 28, 7 were saved, 
according to the newspapers of December 5. 

Of the stations reporting, Guiuan, Samar Province, 
reported the lowest barometric minimum, 724.80 milli- 
meters (28.535 inches). Tacloban, Leyte Province re- 
ported 727.24 millimeters (28.631 inches). 


TYPHOONS AND DEPRESSIONS IN THE FAR EAST, 
DECEMBER 1934 


Bernarp F. Dovcerts, 8. J. 
{Weather Bureau, Manila, P. I.) 


Four of reece: and 1 depression, 2 of which were ex- 
ceptional because of their courses, occurred during the 
month. We shall consider these in chronological order. 
Typhoon, November 30 to December 6.—The approxi- 
mate positions of this typhoon, day by day, were: 
November 30, 6 a. m., latitude 8° N., longitude 142°30’ E. 
December 1, 6 a. m., latitude 8°30’ N., longitude 135° E. 
December 2, 6 a. m., latitude 12° N., longitude 128°30’ E. 
December 3, 6 a. m., latitude 15°30’ N., longitude 124°30’ E. 
December 4, 6 a. m., latitude 21°30’ N., longitude 129° E. 
December 5, 6 a. m., latitude 26°30’ N., longitude 137° E. 
December 6, 6 a. m., latitude 30° N., longitude 141° E. 
This typhoon was severe. As it passed Yap, about 60 
miles to the south, a barometric minimum of 742.3 milli- 
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meters (29.22 inches), was recorded, together with winds 
of force 9 from the east. On December 3, about 200 
miles east of Luzon, it caused destructive rains in the 
Cagayan River Valley (northern Luzon). Also, on 
December 4 and 5, the northerly winds on the western 
side of the typhoon reinforced the circuiation around the 
high-pressure area over China to such an extent that 
strong northeast monsoon winds extended as far as Singa- 
pore. The path of this typhoon was unusual for the time 
of year. The usual course of typhoons during the late 
months of the year is across the archipelago, so that one 
which recurves to the northeast is considered exceptional. 
It was very fortunate for the Philippines that this ty- 
sie recurved and did not pass over any part of the 
slands. 

Typhoon, December 3 to 7.—This typhoon formed in the 
China Sea and moved eastward, decreasing in intensity 
as it crossed the archipelago. The daily positions are 
given below: 

December 3, 6 a. m., latitude 10° N., long tude 116°30’ E. 

December 4, 6 a. m., latitude 11° N., longitude 119° E. 

December 5, 6 a. m., latitude 11° N., longitude 122° E. 

December 6, 6 a. m., latitude 11° N., longitude 129° E. 

December 7, 6 a. m., latitude 12° N., longitude 134° E. 

Regarding the formation of this typhoon, there are two 
possibilities. The typhoon of November 24 to December 
3 pay: | described in the typhoons of November 1934) 
was in the China Sea close to the same region where the 
present typhoon appeared. There were at the time north- 
east monsoon winds of considerable intensity over the China 
Sea, so the typhoon could not move very far on a westerly 
course; there is no definite evidence that it filled up, and 
so it is possible that it moved southward and appeared in 
the China Sea west of Palawan Island, centered in the 
position given above. On the other hand, from observa- 
tions at Puerto Princesa, Palawan Island, and also obser- 
vations taken on board the S. S. Fathomer, then in port 
at an island at the southern portion of the Palawan 
group, it seems to have been a new typhoon. It was 
considered merely a low-pressure area until the S. S. 
Halili sent observations which definitely proved that it 
was a typhoon. Its eastward course was not rapid, and, 
fortunately it decreased in intensity as it moved. It 
caused great destruction in the town of Bacuit, Palawan 
Province. Its path across the Visayan Islands was alon 
a well-defined front, between the northeast monsoon an 
the southwest monsoon, as it is called. The surface and 
cloud observations from the stations in the Philippines 
together with pilot balloon reports received by radio from 
Singapore and Alor Star gave clear evidence of the exist- 
ence of this front. The typhoon moved with the warmer 
current of air. 

A few words concerning the general situation during 
these days might be of interest. From November 20 on, 
the high pressure over China became stronger, then 
weaker, then stronger, Then the typhoon of November 
24 to December 3 formed and moved across the archi- 
pelago. Following it was the very severe typhoon de- 
scribed above, which, however, recurved. When it 
reached the ocean area east of northern Luzon and For- 
mosa, it caused the northeast monsoon to intensify. In 
the China Sea, this prevented the typhoon which had 
just crossed the Visayan Islands (Nov. 29 and 30) from 
moving in a westerly direction. It moved more slowly 
and seemed to be filling up. Then, a typhoon appeared 
west of northern Palawan (Dec. 3, lat. 10°, — 116°30’) 
and began to move in an easterly direction. advance 
of it was the well-defined front, and its course was prac- 
tically that of the boundary between the two wind sys- 
tems. When this typhoon moved into the Pacific Ocean, 
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the northeast monsoon prevailed over the whole archi- 
pelago. é 
Typhoon, December 4 to 7.—This typhoon formed so 
far to the east of the Philippines and moved in such a way 
that it had no effect upon the weather of the archipelago 
The approximate daily positions are given below: 
December 4, 6 a. m., latitude 10° N., longitude 144° E. 
December 5, 6 a. m., latitude 15° N., longitude 140° E. 


December 6, 6 a. m., latitude 22° N., longitude 140° E. 
December 7, 6 a. m., latitude 26° N., longitude 147° E. 


Typhoon, December 12 to 18.—Forming southwest of 
Palau Island, this disturbance moved toward the archi- 
elago as a depression, increasing in intensity as it moved. 
Tt was strong enough on December 13 and 14 to be called 
a typhoon, and then it weakened and slowly filled up. 
The positions of this typhoon are given below: 
December 12, 6 a. m., latitude 5° N., longitude 133° E. 
December 13, 6 a. m., latitude 8°20’ N., longitude 129°30’ E. 
December 14, 6 a. m., latitude 10° N., longitude 125° E. 
December 15, 6 a. m., latitude 10°30’ N., longitude 123° E. 
December 16, 6 a. m., latitude 12°20’ N., longitude 122°30’ E. 
December 17, 6 a. m., latitude 12°20’ N., longitude 121°30’ E. 
December 18, 6 a. m., latitude 11°30’ N., longitude 117° E. 


Depression, December 16 to 19.—This Meter formed 
southwest of Yap and moved toward the Philippines, but 
lost what little energy it had before reaching the archi- 
pelago. Its approximate positions are given below: 
December 16, 6 a. m., latitude 7° N., longitude 137° E. 
December 17, 6 a. m., latitude 8° 30’ N., longitude 135°30’ E. 


December 18, 6 a. m., latitude 10° N., longitude 132° E. 
December 19, 6 a. m., latitude 10°20’ N., longitude 130°30’ E. 
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GALE IN THE RED SEA, NOVEMBER 1934 


In the meteorological report received at the Weather 
Bureau from the British S. S. Ramsay, Capt. W. Shaw 
Hickman, master, Second Officer R. S. McLean, observer, 
is a description of a violent gale experienced on November 
18, 1934, while northbound in the Red Sea. The ship at 
midnight (17th—18th) was in latitude 23°12’ N., longitude 
36°48’ E., wind east-southeast, force 4, barometer 29.98 
inches (uncorrected). At 1:15 a.m. the wind suddenly 
shifted to north-northeast, force 9, accompanied by heavy 
rain and thunder. At 2 a.m. the wind force rose to 10, 
with barometer steady at 29.98. 

After 1:15 a.m., according to Mr. McLean, ‘‘the sea 
rose very quickly and the steamer commenced shipping 
water fore and aft, while spraying over all. At times 
heavy spray was thrown clear over top of chart room on 
top of bridge. The lookout man had to leave the fore- 
castle head and take up position on the bridge, it being 
dangerous forward on account of sea rising so rapidly.” 
By 2:10 a. m. the wind had decreased to northeast, force 4. 

The observing officer referred to the stormy conditions 
as of exceptional character; and also drew attention to a 
thunderstorm experienced 12 hours previously, on the 
17th, in which the wind, which was from a northerly 
direction, force 2, at noon “‘shifted suddenly with one 
leap” to south-southwest, force 6, at 1:35 p.m. 

he two instances were mentioned as squalls extra- 
ordinary to this region, and moving in diametrically 
opposite directions. The pressure throughout remained 
at 29.98 inches.—W. E. 


CLIMATOLOGICAL TABLES 
CONDENSED CLIMATOLOGICAL SUMMARY 
In the following table are given for the various sections of the climatological service of the Weather Bureau the 


monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with dates 
of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by the 


several headings. 


The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found .by using all trustworthy records available. 

The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 


stations. 
Condensed climatological summary of temperature and precipitation by sections, December 1934 
[For description of tables and charts, see Review, January, p. 37] 
Temperature Precipitation 
& = Monthly extremes = = Greatest monthly Least monthly 
Section e Se 

& |A = a 

oF. oF In In. In. In. 
46.7 | —0.9 | 80 Valley 10 12 | 3.41 | —1.51 | 6.76 | Valley 1. 83 
46.8 | +2.3 | Marinette........._- 85 0 3} 1.71 | +.51 | Crown King.......- 4.18 | Gila 
3] 74 11 | 3.78 | —.51 | 6.85 | Bentonville. 95 
California. .......-- 46.3 | +.7 | 2 stations............ 83 | 110 | —12 31 | 3.20 | —.50 | Crescent City (near) | 13.53 | . 09 
28.9 | +3.5 | Two Buttes........- 79 —.31 | 3.13 6 stations.......-..... .00 
60.0 -0 | Lake 90 13 | 2etations............ 16 12 | 1.00 | —1.76 | 2.56 | Everglades..........- 00 
46.9 | —1.2 | 2 82 $3 | 10 12 | 2.64 | —1.62 | Fort 6.02 | Waycross. 
27.7 | +1.8 | Lewiston............ 62 19 —17 1 2.03} +.05 | KH 09 
28.3 | —2.2 | Du 4 | -9 3.30 | Warsaw.............. 66 
20.9 | —2.4 | Shoals............... 60 —12 27 | 2.00; —.88 | Scottsburg..-....... 1, 08 
21.5 | —2.4 | Sioux 48 22 | 4 | .57| —.62 = 
33.1 +.3 72 28 | Hanover. 7| .42| —.44]| Eldorado..._........ 1.35 | 2 stations............. 00 
Kentucky 37.0 | —.9 | 69 1 | Anchorage... 5 12 | 2.18 | —1.80 | 4.22 | 
+.4 82 | 130 | 14 12 | 3.01 | —1.47 | 7.69 | Jonesville. ..........- 1,91 
Maryland-Delaware_| 35.2 | —.2 |_.... 71 1 —16 2.75} —.40 Sanatorium, | 4.71 | Western Port, Md-_..| 1.59 
23.4 | —1.8 | Webber 66 1 | Vanderbilt.......... —22 30 | 1.59 | —.49 | Painesdale. 5.09 | Lake City...........-. 48 
11.8 | —3.7 | 4 stations............ 45 12 | 2 stations............ —40 24 
Mississippi-.......--- 47.8 | —.6 | 5 stations_........... 80 | 130 12} !'11 | 4.53} —.81 | Rosedale............ 1. 53 
31.6 | —2.5 | 69 28 | Downing............ -3 26 | 1.66 | —.41 | 4.12 | Unionville. .........- 05 
Montana..........-- 24.0 | +1.1 Grass 67 11 | Medicine —40 26; .91| +.92 6.83 | Four Buttes.......... 03 

1 Other dates also. 
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Condensed climatological summary of temperature and precipitation by sections, December 1934—Continued. 
{For description of tables and charts, see Review, January, p. 37] 
Temperature Precipitation 
Monthly extremes Greatest monthly Least monthly 
°F. 4h: pe A °F. In. In. In. In. 
26. 6 1 | 70 12 | 2 7 0.49 | —0.21 | Arden 1.37 | 0. 62 
34.1 | +3.4 75 | 111 | CanyonCreek Ranch} —9 9 |} —.06 | Marlette 2.64 | 
New 23.8 | —2.7 | Haverhill, Mass.....| 70 1 | East Barnet, Vt_.._- —26 31 || 3.34) +.01 Notch, | 6.02 | Boston, Mass________ 1. 64 
New 33.2| —.5 | 2stations....... -----| —.75 | Little 4.11 | 1.89 
New 85.9 | +2.0 isbad 81 28 | Selsor —22 .47| —.22 | 2.28 | 18 .00 
New 24.1 | —2.7 | 3 67 1 | Stillwater Reservoir_|—31 31 |} 2.79 | —.14 | Trenton 5.68 | 1.15 
41.9 | —.8 | 2 75 1 | Mount Mitchell_____ -9 12 12.85 | —.99 6.98 | Hot 1.32 
orth 12.6 53 11 | —44 26 —.22| Park River_......... 1.19 . 00 
30.3 | —1.4 74 1 | —12 27 || 1.44 | —1.32 | 2.43 | .70 
Oklahoma. 41.0 | +1.3 | Boise City. -........ 7 28 | 7 .72| —.97 | 3.41 | Boise T 
34.6 | +1.3 | Port 78 eee... —10 28 || 4.52} +.71 | 18.12 | Valley .48 
Pennsylvania________ 30.7 | —.4]| New Castle......... 73 1 | —10 11 2.55} —.61 5.63 | 
South Carolina 44.8 | —2.0 78 3 | 3 12 2.74} | 5.89 | 1.00 
South Dakota. 21.7 | +1.0 | Rapid City......... 63 1) | —25 | —.2? | - 983 | 2 
T 39.5 | —1.3 | Rogersville.......... 70 1 | Mikmont............ —4 12 || 2.85 | —1.77 | Memphis-_-.-._....__- 5.37 | Fayetteville.._...___. 1. 38 
51.0 | +1.5 | Mission. ............ 91 29 | ll 1,82; —.37 | Lafkin.............. 7.14 | 15 . 00 
29.6 | +3.2 | —10 5 1.20] +.12 Silver 02 
37.7 | —.5 Diamond Springs_._| 78 1 | Hot 1 11 || 2.68 | —.47 | Mount Weather-____. 5.04 | 8 
35.3 | +1.1 66 3 | 2 stations............ —6 6.20 | +.73 | Mt. Baker 30.09 50 
33.5 | —1.2 | 73 11 }} 2,20 | —1.14 | 5.06 | Dam No. 26 O. R___- . 82 
17.0 | —3.4 54 —29 26 3.89 | 45 
23.8 | +2.2 Pine Bluffs_......... 66 11 | South Pass City..._|—19 .74| —.01 | Bechler River_...._. 
16.7 | +1.7 | Ketchikan. 60 25 | 2 stations............ —28 113 |} 1.84} —.95 | View 16. 46 | 
71.6 | +1.7 | 90 | '12 43 1 || 6.06 | —4.00 | 20.50 | 
74.5) +.1 German. OF 24 | Guineo Reservoir...| 48 25 8.90 | +4.40 | Rio 21. 42 | Santa .42 
TABLE 1.—Climatological data for Weather Bureau stations, December 1934 
[Compiled by Annie E. Small] 
instruments Pressure Temperature of the air > Precipitation Wind E 
< a 21a oO |ale Ale = | A ea 
Ft. | Ft.| Ft.| In In. °F) °F) °F) % Miles 0-10; In. | In 
New England —0.4 5. 

29. 29. 2 1 —1.0 9, 78 9} 13] 5.7] 8.1) 3.4 
Greenville, 1, 28. 73} 29. 1} 2 11} 7, 910 10} 12} 23. 5114.0 
Portland, 1 29. 87} 30. 3 21 -.1 7, 15} 7 4. 2} 10.8) 6.3 
ll 8! 29. 57 2 +. 15) 8, 195) 1 4 21| 7.4) 19.8) 9.2 
Northfield 1 29. 04 2 14) 5,6 7| 16] 6.5) 20. 5113.8 

Nantucket. 14) 29. 1 -. 11, 
Block Island. ll 1 88 7| 11) 13: 6.2) 21 
29. 84 3 8) 9, 531 14, 7 10) 5. 

New 74) 153) 29. 94 3 -. 7, 10) 4) 17 .0 
Middle Atlantic States —0, 6.6 
107| 115} 29. 96) 30. 3 10) 5,83 6} 18 7.0) 3.8.2 
Bingham 8} 29. 10) 30. 1 13} 5,3 2 3 9. 31 T 
Ney York... 29. 30. 1 12, 632 13) 5. .0 
28. 93) 30. 1) 35} 1) 11) 20) 28) 25) 22) 80} 1. 4) 6) 7. 
Harrisburg. 374} 94) 104) 29. 3 +1.3] 10) 6, 6 18 7.2 1. 
Philadelphia 367| 29. 1 —.8| 9, 8} 10), 13} 6.4) T) .0 

Atlantie 37} 172} 30. 04) 1 —1,.2 11,8 7| 8 166.6 Ti .0 
Sandy Hook. 1 30. 1 ll, 9 15) 6.4 
5} 29. 88 1 10} 7, 9} 14 

Baltimore 29. 97 1 -, 7, 14463) .1] T 
Washington 29. 1 —.4 5, 14 6.1) 3.0) .5 
Cape Henry 30. § —1.7| 10) 9,96 14, 6.0 1.0) .0 
Norfolk... .. 5) 30. 1 —1.5) 10) 7, 7 15| 6.65 25) .0 
Richmond .. 29. 1 —1. 10) 6, 222) 14 12 6.3) 3.9 .7 
49) 55)...__- 1 . 50} —1.4) 11) 5, 798 8} 10) 13)....| 24) .0 

South Atlantic States -1, 5. 
. 75} 30. —1. 11] 6, 95 7| 10; 14 6. -6 .0 
Greensboro. .........- 29. 17) 30. 49} 15) 11) 29) 36) 33) 28) 74) 

30. 10} 30, 1) 4 11/10,342 16] 6. Ti .0 
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TaBLe 1.—Climatological data for Weather Bureau stations, December 1934—Continued 
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TaBLE 1.—Climatological data for Weather Bureau stations, December 1934—Continued 
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TaBLE 2.—Data furnished by the Canadian Meteorological Service, December 1934 
Pressure Temperature of the air Precipitation 
Altitude 
pa Station | Sea level 
mean 
Stations sea level, | reduced | reduced — —. Depar- | Mean | Mean a 
Jan. 1, | to mean | to mean from from maxi- mini- | Highest | Lowest Total from | snowfall 
19 of 24 normal || min.+2| normal) | | normal 
Feet In. In. In. oF. oF, “7 op, °F, oF, In. In. In. 
Race, Newfoundland 99 ute 
ney, Cape Breton Island_............ 48 inal 
88 
Charlot ttetown, Prince Edward Island 38 
Chatham, New Brunswick..............- 28 
Father Point, Q 20 
uebec, Quebec. 206 
ucet, Quebec. 1, 236 0.7 12.2 —10.8 40 —36 24.9 
Ottawa, 236 29.77 30. 06 +0. 04 14.4 —2.6 22.0 6.8 47 —15 3.02 +0. 11 24.2 
Toronto, 379 29. 64 30. 07 +. 02 25. 6 31.8 19.3 45 0 2. 60 —.31 17.0 
White River, 1, 244 28. 66 30. 06 +. 09 21 —7.6 16.0 —1L8 32 2.21 +. 50 22.1 
Southampton, Ontario 656 29. 30 30. 04 +.02 23.4 —3.3 29.4 17.4 41 0 2.74 —1L2 24.8 
Parry Sound, Ontario__...._.- 688 29. 32 30. 05 +. 04 16.7 —4.5 24.0 9.5 44 —12 3.00 —1.48 23.9 
Post 644 29.34 30. 08 +.09 13.2 -0 21.8 4.7 36 —20 1.10 i1.9 
Winnipeg, Manitoba_.................... 760 29. 26 30. 15 +. 13 5.0 +.9 13.3 —3.2 35 —37 . 94 +.03 9.4 
Minnedosa, Manitoba. -__...............- 1, 690 28. 20 30. 13 +.11 5.7 .0 14.0 —2.5 33 —38 - 36 —. 2 3.6 
Le Pas, Manitoba 860 30. 15 —.6 8.2 —9.4 34 —42 3.1 
Qu’ Moase daw, 2, 115 27. 69 30. 06 +. 06 +.5 16.1 —.3 36 —36 48 —.4 4.8 
Swit C urrent, Saskatchewan -_.........- 2,392 27. 42 30. 08 +.09 13.8 —2.2 22.5 5.1 44 —30 . 50 —.2 5.0 
Medicine 2, 365 27.45 30. 04 +.07 16.2 —2.0 24.9 7.6 45 85 +. 30 8.3 
Prince Albert, Saskatchewan_...........- 1, 450 28. 51 30. 19 +.18 3.8 +1.0 11 —3.4 40 —46 91 +.17 9.1 
Battleford, Saskatchewan 1, 592 28. 29 30. 14 +. 15 4.2 12.6 —4,.2 37 —43 1, 62 +1. 30 16.2 
Kamloops, British Columbia_...........- 1, 262 
Victoria, British Columbia............... 230 29. 80 30. 06 +. 09 42.2 +1.0 45.8 38.7 52 30 6.42 —1.56 4 
Estevan Point, British Columbia. 20 - 
151 
LATE REPORTS NOVEMBER 1934 
Banff, Alberta. 4, 521 25. 25 29. 89 —0. 07 | 32.4 +6.6 39.4 25.4 53 8 0. 57 —1.70 2.4 
Estevan Point, British 20 47.9 61.9 43.9 61 36 .0 
Prince Rupert, British Columbia. .....-- 48.1 38.5 59 32 0 
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SEVERE LOCAL STORMS, DECEMBER 1934 
(Compiled by Mary O. Souder) 


1934 


occurred during the month. A revised list of tornadoes will appear in the Annual 


path 
(yards) 


Width of | + 


Character of storm 


Remarks 


Authority 


Muskegon Harbor (near), 
Mich. 


Hope Valley, R. 


Greensboro, N. C...........- 


Nov. 30- 
Dee. 1 


10 


15-16 


Glaze... 


3. A pean ot of rain fell during this storm breaking 
records for the maximum 24-hour fall for 

Sema fields, highways, farm buildings, and 
some rural dwellings in the lowlands flooded; 
traffic suspended on the highways because 0! fhigh 
covering the roadways to a depth of several 


A freighter driven against the breakwater sank 
near Muskegon Harbor; cargo lost; member of 
the Coast Guard drowned. 

A sudden gust of wina lifted a large barn from its 
foundation, twisted it around and returned it to 
its foundation without toppling it over; the barn 
was under construction and almost completed. 

Sleet followed by snow caused the streets to be- 
come unusually slippery, this condition last 
& week; many accidents to pedestrians an 
motorists 

7.4 inches of snow recorded; a with the heavy 
snowfall of Nov. 30 caused t he difficulties of 
traffic to be materially incre 

Snowfall of 16.8 inches, the greatest of record for 
December, recorded during this storm; traffic 
paralyzed in the afternoon. 

of indies of ender fall fom 6 0. m., of the 8th to 
6a. m., of the 9th, heaviest 24-hour fall of record 
for December. 

Snow was very heavy in a belt about 40 miles long 
and a few miles wide lying none and near the 
shore of Lake Michigan. This belt extended 
from about 10 miles north of the northern bound- 
ary of the city to about the same distance beyond 
the southern and southeastern boundaries; snow 
driven by strong northwest winds lowered the 
visibility to less than 100 feet in the late after- 
noon; —_ depth for the day 10.9 inches; traffic 
badly hampered. 

An — coating of smooth glaze remained for 2 
days; many traffic accidents reported 

Rain froze on the — drivir 
— many accidents reported; sev 


‘damaged 

Rain froze as it fell making streets and walks slip- 
pery and hazardous for travel. 

Due to sub-freezing temperatures, the snow re- 
mained on the ground; streets and sidewalks 
slippery and hazardous for automobiles and 
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Little River 
northwest into McCurtain 


$12, 000 


Account of this storm published in ene, 
but amount of damage not reported at that 


Departure (°F.) of the Mean Temperature from the Normal, December 1934 
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PUBLICATIONS OF THE U. S. WEATHER BUREAU 


A list of these publications may be obtained by application to the “Chief, U.S, Weather 
Bureau, Washington, D. C.” 

Annual subscription to the Montaity Weatuer Review—domestic, $1.50; single copies, 
i5¢; foreign, $2.25. Subseription to the Review does not include the Supplements, which are 
issued irregularly and are for sale by the Superintendent of Documents. Supplements will 
usually be abstracted in the Review, and the price of the particular Supplement will be there 
announced. 


Detailed climatological data for the United States and its Territories may be purchased 
from the Superintendent of Documents as follows: 

A volume issued monthly entitied ‘Climatological Data for the United States, by Sections”’ 
(each seetion corresponding to a State, except that some small States are combined in one 
section), comprises all but Aleaka, Hawaii, and Puerto Rico. By subscription, 12 months and 
annual summary, $4; single months, 35¢. Individual sections, by subscription, 12 months, 50¢; 
single month, 5¢. The individual section prices apply to the reports of Alaskan, Hawaiian, 
and West Indian services, the last named including Puerto Rico and the Virgin Islands. 


PREPARATION OF MANUSCRIPT FOR PUBLICATION IN THIS REVIEW 


The folloving memorandum in regard to preparing manuscripts for publication is repro- 


a 
Authors \ill be expected te prepare ‘Yheir with the that | once manuseript 
leaves the author’s hands it is in final form and not subject to further change of text in galley or page proof. 
With the adoption of this policy it will be necessary that authors consult workers on related subject in other 
bureaus before finally submitting their manuscripts for publication, and all matters as to which there is difference 
of opinion must be settled in advance. 
The Wetther Bureau desires that the Montaty Weatuer Review shall be a medium of 
publication for contributaons within its field, but the publication of a contribution is not to be 


construed as official approval of the views expressed. 
PROOFS AND FEPRINTS 


In order jo maintain the schedule with the Public Printer, nv proofs will be sent to authors 
outside of Washington, D.C. Requests tor a limited number of reprints of the more important 
contributiens tan be granted. Suck requests should be made by the author on the first page 
of the manuscript. 

MISSING NUMBERS 

Missing 5 amberr of the Seviaw will be supplied gratis when application therefor, addressed 
to Chief of Weather Bereau, is received within 3 months of the usual date of receipt of the 
missing numbiur. Applications filed at a later date should be accompanied by the price of the 
Reviews desi ed, 15¢ the copy, and be addressed to the Superintendent of Documents, U. S. 
Government P.cinting Office, Washington, D. C. 


mint 


' 


Certificate. — Byr direction of the Secretary of Agricvlture, the matter contained herein is published as adminis- 
trative and s'a+> je. informtion and is requirec for the proper transaction of the public business. 
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